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CONVERSATION I, 



OF THE FIXED STABS. 



TUTOR-— CHARLES— JAMES. 

Charles. The delay occasioned 
hy our long walk has afforded us 
one of the most brilliant. views of our 
heaTens that I ever saw. 

James. It is uncommonly dear; 
and the longo* I keep my eyes fixisd 
upwards, the more stars seem to ap- 
pear: how is it possible to number 
these stars? and yet I have heard 
that they are nqmbered, and eran 
arranged in catalogues according to 
their apparent magnitude. Pray, sir. 
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explain to us how this business was 
performed. 

Tutfjnr. This I wiH do, with great 
pleasure, some time hence; but at 
present, I HHist (eB yeu> that, in view- 
ing the kMvens wkk tjbe mked eye, 
we are very Hraeh- deceived as to the 
supposed number of stars that are at 
any tkae visible* It is generally ad- 
mitted, and on good authority too, 
timt theve are never mgre than one 
tiioMandl stars viaiUe to the sight, 
iMiaBsiibrd by glasses, at any one time, 
and in one place* 

Jume$. What ! can I see b& a^ore 
tlm a tiiMBMd stara if I took all 
ar Qund the heaiieiis ? I riiould suf^pose 
tbere wefe mSieof . 

Tutor. This nttoiber is oertafasly 
the linit of whafc yeu can at present 
Midd; and that niuch leade yov, 
end posona m geneaai t^co^ettoe 
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tbtt tiw number k to mach brgv k 
owing to an optical decepiiao* 

J<im€$. Are we fieqiientlf liable 
to be deoetv^ b^ our seniei? 

Tutor. We wm^ if «re depend on 
them singly ; but where we have aft ' 
opperConitf of calling in the ei^eii- 
enceof one seme to the aid of another, 
we «re leldrai sutgect to this iaoon^ 
vefiieooe. 

Charles. Do foa not know, that 
if you place a small marble in tho 
palm of the left btod, and thim eibss 
the fiecond finger of the i^t hand 
over the first, and in that poaition^ 
with your eyes shut, move the mariblo 
with those parts of the two fingiM 
at once, which are not aecuttomed to 
come into contact with any object at 
the same time, that l^e one marbte 
will appear to the touch as two? In 
tUs inatance, withont tfie aarfslnoe 
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(^ our eyes, we should be decdred by 
the sense of feeling. 
{ rTiitop. This is to the pointy and 
shows that the judgment formed by 
means of a single sense is not always 
to be dcfi^ided upon. 
• James. I recoUect the experiment 
dVery well; we had it from papa^ a 
great while ago. But that has nothing 
to do with the false judgment which 
we are said to form about the nutx^ier 
of stars. 

; Tutor. You are right ; it does not 
immediately concern the subject before 
w, but it may be useful as affording 
a lesson of modesty, by instructing 
us. that we ought Aot to close o.ur 
minds against new evidence that may 
be offered upon any topic, notwith- 
standing the opinions we may have 
already formed. You say^ you see 
^millions of g;ars^ whereas the ablest 
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tatsoitoteani MMrt, that with themtpid 
eye yen cannot at oM time see m 
many n a tiiouaancL 
' Charkx. I should indeed bava 
thought with: n J brother^ bad yeu 
not aiierted the contrary ; and .1 aiq 
anxious to khonr Ihw tbe deception 
happens^ for I am sure there must be 
a great deception somewbene* if I 4^ 
net at this timie behold very many 
thousand of stars in tbe heavens^ 

Tutor. You knonf that ire see 
objeets only by means of the ri^s of 
%ht whidi proceed from theni» ifi 
every direction. And you .ikiust^ for 
the preitent, give me credit when I 
tell you, that the distance of tbe fixed 
stars iBhom us Is immensely great ; con- 
sequently the rays of light have to 
travel this distance, in the course of 
which, especially in their passa^ 
through our atmosphere, tiiey are 

C^»/ ^^ V. v^ 



subject to numberless r^^Uns and 
refractions. By means of these^ otber 
rays of light come to the eye, eirery 
6ne of which*, perhaps, impresses. upon 
the mind the ideaof so many separate 
stars. Hence arises thai optical fal« 
lacy. by which we are led. to believe 
that the stars which we behold axe 
irniumemble. r 

\ James. » I should Jike to see an ex.* 
periment to confirm this. 

TVitor. I have no objection: in 
every case you ought to require the 
best evidence that the subject wiH 
'admit of: — 

To ask or search I blame tbee not, for heaven 
^Is as the book of God before thee set, 
• Wherein to read his wondrous works^ and leara . 
, His seasons, hours^ or days, ot months, or years* 

MitTosr. 

I will show you two experiments 
:.wihich will go a good way to remove 
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the difficulty. Bnt, for this purposes 
we must step into the house* 
- Here are tWo common looking- 
glasses, which^ I^ilosophically speak- 
ing, are plane mirrors. I place them 
Jn such a manner on; the table that 
they support one another from falling 
by meeting at the tops. I now 
place' this hailf-crown between them, 
on a boc^; to raise it a little above 
the table. Tell me how many pfeces 
of money you would suppMMe- there 
M^ere^' if you did not know that I had 
used but oae. 

^ James. There are several in the 
glasses. 

Tutor. I will alter the position of 
the glasses a little, by making them 
alidost parallel to one another; now 
look into them, and say what you see. 

James. There are more half*crowns 
now than there were before. 



it « 



mteor. ft k endent, €b^n, ilMril 
by reftectUn mXy^ a sioglt ot$t0t^ fiv 
I have made we of but one bal& 
crowp, will glv€ jou tha idea of a 
vast nuiiibeF. 

Charles. If a Utile contriranca had 
beefi used to co&oaal the method of 
making the etpeii«ieitt» I should not 
have believed but that th«re hUd beott 
several half-crowns iflBteAd of one. 

TWtoi*. Bring me your multiplying 
glass ; look through it at the candles 
how manydo ]FOU' aee? or -rather, 
how many candles should you suppose 
there Were^ did you not Itnow that 
there was but one on the table ? 

James. A great many^ and a pietty 
^ sight it is. 

Charles. Let me see; yes^ theve 
are : Imt I can eaMly eount them ; 
there are istxteen. 

Tutors ' There wiS h^ just as nai^ 
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images of the candle, or any otder 
object at wbiph you look, as there are 
difii^^eDt suifaces on your glass. For^ 
by the principle of refraction^ the 
image of the candle is seen in as 
many different places as the glass has 
surfaces; consequently, if instead of 
16. there had been 60, or, if they could 
have been cut and polished so small, 
600, then the single candle would 
have given you the idea of 60^ or 600* 
What think you now about the stars ? 
t James. Since I have seen that 
reflection and refraction will each, 
singly, afford such optical deceptionsf, 
J can no longer doubt, but that, if 
'both these causes are combined, as 
you say they are with respect to the 
.rays of light coming from the fixed 
stars, a thousand real luminaries may 
have the power of exciting in- my 
mind the idea of millions* 
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Tatdr. I witt mention anotW ^^ 
periment, for which f ou mkj be pre-« 
pared against the next clear starlight 
night. Get a long narrow tubC) the 
longer and narrower the better, pro- 
vided its weight does not render if 
unoEianageable : examine thlrough it 
anjr one of the largest fixed stars-; 
which are called stars of the Jirii 
magnitttde, und j^ wfll find that, 
though the tube takes in as much sky 
as would contain many sueh stars, yet 
that the single one fkt which you are 
lodJiing is scarcely Tisible, by the UiHr 
rays which come directly from its 
this is Another proof that the bril- 
liancy of the heavens is much more 
owing to rejected and refracted ligM; 
than to the direct rays flowing ftom 
the stars. 
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Of the Fixed Stars. 

Cmamms. Another betuUfttl even* 
iagptemasts itself; shall we take the 
adrantage arbieh it oiers of going on 
wilfa our astnMKxnieal lectures ? 

Tutor. I have no olyectioB, ikr we 
di> not idwi^s enjo^ siK^h opportonities 
aa the brightoesa of (iie present even^ 
lagaflbrib. 

James. I wish very much to know 

4iow to dotaagtBiish the stars^ and to 

be able to^ caU them hy their proper 



Tutor. This jM may verj soon 
kom ; a few evenings, well Improved, 
witt eaable yo« to distinguish aM the 
alara oC the fiiat m^S^Btude wUek ase 
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risible^ atid all the relative posttims 
of the diflSsrent oonsteUatioiia* 

James. What are coDsteUati<»i$« 
sir? . . 

Tutor. The ancients, that they 
might the better distinguish and de- 
scribe the stars, with regard to their 
situation in the heaviens, divided them 
into constellations, that is, systems of 
stars, each system consisting of siich 
stars as were near . to each other, 
giving them the names of such men 
or things, as they fancied \he space 
which they occupied in the heavens 
represented. 

Charles. , Is it then perfectly arU-^ 
trary, that one collection is called the 
great bear, another the dragon; a 
thiid HerculeSf and so on ? 

Tutor. It is; and thbugl) there 
have been additions to the number 
of stars in each oonstellationy and 



^fioias ^ew l^oiteteUations Invented 
by modertt mticitiomeTs, yet the ori* 
ginal division of the stars into these 
collections was one of those few arbt* 
ttafy inventions which has descended 
without alteration, otherwise than 
by addition, from the days df Pto- 
lemy down to the presents time.-^ 
Do you know how to find the four 
cardinal points, as they are usually 
called; tiie Nofth/ South, West, and 
East? 

James. O yes, I know that - if I 
look at the sun at twelve o'clock at 
noon, I am also looking to the south, 
where he then is ; my back is towards 
the 4iorth; the west is on my right 
band, and the east on my left. 

Tutor. But you must4eam to find 
these points without the assistance i^ 
the sun» if you wuh to be a yoiini^ 
astronomer. 

VOL. II. c 



Chmies* I }iwe oftea heiMrd of 
the mrthp^e Oari tliat willperha]^ 
wMUFer the pwpose of th&suiii.whieii 
lie ba% left w. 

Tutor. You ia» r%ht : do ywt 
see those seven stars which^at^ m 
tbe coQstellatioa of the Great Be^r f 
*r— soms people have st^posed^ their 
position will aptfy pef^e^ent a pleugk ; 
othei^«af, that; they me mon^like a 
w^gf^H^ a^id harms '.-^iht &iir stars 
representing the body of the waggon^ 
and the other 
three the hcMrses, 
pud henoe they 
asKo cidlfd hy some 
the ploughf aod 
by others they «re ^i^^ 
oalied Charles's^ : / 
wain or wa|^B« / 
There is adraw^-A 
ing of it; abdg repieseofc the ter 
atars and 6 ;s b the^otber tl»ee« 
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Bkartes. Whsib k th« star ? 7 

Tuf&r. TImC refM^esents the polar 
<ter to wMch yoa just now aliudedr; 
and you observe, • tAuit if a line were 
drawn dirougfa the stars b and a, and 
prodaced fi^ ^loagh, it would n^rly 
touch it. 

James* Let* me lot^ at tile hea- 
vens for it by this guide. There it i», 
I suppose; k shines with a steady 
and rather dead kind of light, and k 
appaviiLto me that it would bt a 
little ts the right of the line passing 
through the stars b and ^* 

Tutor. It would, and these stars 
are generally known by the name of 
the pointers^ because they point to 
the fiorth pole, whieh is situated a 
Uttle more than two degrees from the 
star P. 

Charles. Is that star always in the 
same part of the heavens ? 
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7\itar. It may be coiisiilered as 
uniformly maintaiQiiig its . positi<m, 
ii4iiie the other stars seein to move 
round it as a centre. We shall have 
occasion to refer to this star again ; 
at present I have directed your at- 
tention to it, as a proper method of 
.fiadini^ the cardinal^ point; by s^* 
Jight. 

James. Yes, I understand notv 
-that if I look to the north, by stand* 
ing with my face to that %|ar, the 
south is at my back, cm my right 
hand is the east, and the west on my 
left, 

Tutor^ This is one important step 
in our astronomical studies; and We 
can make use of these stars as a kind 
of standard, in order to discover the 
names and positions of others in the 
heavens. 

Charles. In what way must we 
proceed in this business ? 
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Tuter. I wtll give yoq m &um^ 
pie OP two : coBoeive a Ikw draiRi 
ilrom the star ;ar» (is the last diagvaa) 
leaving B a Uttle ^ to the lefty and it 
will pass through thai very bsilliant 
star 'A near the hoiiaoiv towaids the 
west. ' 

Jamesi X see the star, but hour am 
I to know its name ? 

Tutor. Look an the eelestial 
globe for the star ;?, and suppose tht 
line drawn on the globe^ as we con- 
ceived it done in the heavensy and 
^ou will find the iBtar, and its name. ^ 

Charles. Here it is ; — ^its name is 
Arctiirus. 

Tutor. Take the figure (see pi^ 
14), and i)lace Arcturus at a, which 
is its rMative position^ in respect to 
the constellation of the Great Hem. 
Now if you conceive a line drawn 
through the stars g- and-i^ andr ex- 
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tmded a good way to the right, it 
will pass jj^st above another very 
brilliant star. Examine the globe as 
before and. find its name. 
. € harks. It is CapeUa^, the goat* 

Tutor. Now, whenever you iee 
any of these stars, you will know 
where to look for the others without 
hesitation. 

James. But do they never move 
f nom their places ? 

Tutor. With respect to us, they 
seem to move together with the whole 
heavens. Qut they always remain 
in- the same relative position, with 
respect to each other. Hence they 
are csSXeA Jived stars, in opposition to 
the planets^ which, like our earth, 
are continually changing th^ places, 
both with regard to the fixed stars 
and to themselves also. 

Charles. I now understand pretty 
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weB the method of acqairing a know- 
ledge of the names and places of the 
stars. 

Tutor. And with this we wiU put 
an end to oar present Conversation. 
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m 

Tutor. I dare say that you will 
have no difficulty in finding the north 
polar star, as soon as we go into the 
open air. 

James. I shall at once know 
where to look for that and the other 
stars, which you pointed out last 
night, if they have not changed their 
places. 

Tutor. They always keep the 
sAne position with respect to each 
other, though their situation, with 
regard to the heavens, will be dif- 
ferent at different seasons of the year, 
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and in different hotirs of the niglit. 

Let, us go iBto the garden. ; 

, Charles. The stars are all in the 

. same place as we left thejn last 
evening. >j[ofir, w, if v^^e conceive a 
straight line drawn through the two 
stars in the plough, which, in your 
figure (see page 14), are marked d 
Wd ^, and to expend a good , way 
down, it will ^ pass or nearly, p^ss 
through a very bright star, though 
not so bright as Jrcturus or Ctfpella, ' 
what is that called ? 

Tutor. It is a star of the secpnd 
magnitude,* and if ypu refer tQ. the 
celestial globe, in the same way. as 
you were instructed last night, you 
will find it is called Regulus or, Cor 
, Zeonis, the Lion's UeprU, By this 
; method you may .quickly discover the 
names of all the principal stars, an4 

, afterwards, with a little paUence* 



yon Witt Miily ^^ttkigoyi the others 
which are less eowpieueus. 

Charles. But they have not all 
naaaes ; how are they specified ? 

7Wl9r. If you look on the giob^, 
you will observe that they are dis^ 
tlnguished by the diflferent letters of 
the Greek alphabet; and in those 
coMtdlatioBs/ in which there are 
rtars of <Mfferent aj^rent magni- 
tudes, the largest is » alpha, the next 
in shpe j3 beta, the third y gamma, the 
&urth i delta, and so on. 

James. Is tha*e any particulw 
Mawn for this? 

Thtor. The adoption of the chiU 
racters oi the Greek alphabet, rathw 
than any other, was perfectly arbi- 
trary ; it is, however, of great im- 
portanoe, that the same characters 
should be used in general by astrono- 
mers cf all countries, &r by tMs 
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tt^n« fbe scwoce is in pdBMMtoi of 
fi sort of unhrertal kngaageb 

Charles. . Will ybtt explaiti how 
»liiii$? 

t Tiif^i Suppose t» astromner vbl 
Nmih AmedcBf Am, or fttty <^er 
part of tbe earth, obsarva a comet ia 
tiiat part of the heateas whaM the 
iCOnstelhti<Hi of the Plough is s itt ia te d^ 
and he wi^es to descritie it to hb 
friend itt Great Britatn, \h mimt diat 
he may k»aw, whether it wat aeen I7 
the inhabitants of tlm i4nd* For 
Ihift purpose he faaa only to inenilloa 
the time when he ^aco?ered it; Hb 
^sitioti, as nearest to some one of the 
atttrS) calling it kfj the Grade tettef 
by which it is designated ; and «hn 
course ^Uch it* took ffOm ooe star 
4oWaiPds anothtf. Thus he might say, 
IkaA on aadi a tinse he sair « CMsafc 
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near ^tn the Great ^Bear, and that its 
course was directed from i to jS^ or 
any other, as it happens. * 

CJtarks. Then if his frieod her^ 
had seen a comet at the same tilne*^^ he' 
wcAiid, hy this means, know whether 
it was the^»ime or a different comet? ' 

Tutor. Certainly, and hence you 
peficeive of what importance it is^ 
that astronomers in different coun- 
tnsA should agree to mart the same 
stars and systems of stars by the 
same characters. But to return: to 
that star, to which you just called' 
my:attantioo, the Cor Leatds ; it is 
not Only a remarkable star, but its 
pointion is also remarkable ; it is situ- 
ated in tlie tcliptic. 

James. What is that, sir? -» 

Tutor. -The ecliptic is an imagi- 
nary great circle in the heavens^ 
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which the sun appears to describe in 
the coucse of a jear. If yoa' look 
on the celestial globe,' jovt will see it 
marked with a* red line, perhaps an 
emblem of the fierce heat communi- 
cated tons hj that body. 

James. But the son iseems - to have 
a drcular motion in the heavens every 
day ?• ^ . ; / 

Tutor. It does; and this is called 
its apparent diumai, or daily motion, 
which is very different from the path 
it appears to traverse in the course of 
a ytar. The 'former is observed by 
the most' inattentive spectator, who 
cannot but know, that the sun is 
seen every morningf in the east^ at 
noon in the south, and ih the* evening 
in the west; butthe knowledge oftbe 
iatter mu$t be the result of. patient: 
observation. - .^, - 

VOL. II. i> ^^^ 
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. CJmtIu. And what if tlw gnm 
line which orosses it ? 

Tutor ^ It is caUed the tquMor; 
this- is an imaginaiy circle bdoiigiog 
to the earthy which you must take 
tat granted,, a little longer, is of a 
flobular^ jGnrm* K jrou can coDOeive 
the filane of the terrestrial equator to 
be produced to the sphere of the fixed 
atars, it would mark out a^ciide in 
the heavens, called the celestial equfh 
Ur or eguiiwctiak which would cut 
the . «c/ijp^ic in two parts ; and one of 
these would make an angle with .the 
jothex of about 23^ d^^cees. 

James» Can we trace the circle of 
(he ecliptic in the heavens ? 

Tut^f;^ It may be done wUh to- 

leri^de accuracy by two methods: 

J&*^f by observing several remarkable 

fizedjitan^ to which the noon in its 
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mBtm «MiM to i^proftdi. Tlie i$^ 
cMd] method fo hj dlmrviiig ilM 
plaees of the planets. 

Ckaf4t9. 1m the moon then alwayi 
intJie edUptic? 

Tfitor. Not exedfy so*, hut it ii 
elvays either in' the eeKptic, or witMt 
five degrees and a third of itjoii oM 
dde or the other. The prineipal 
planets aho^ bf wMeh I mean^ Me^> 
C1117, Yentis, Marsi Jupit^, SataM^ 
and I3ie Herschel, are never more 
than eight degrees distant from th/t 
lineof the ediptic. 

James. How* ean we* trace tHb 
%nQ bj help of the fixed stars ? . 

Taior. By comparing the stars In 
the heavens with thdr representa- 
tives on the artificial gtobe, a prae* 
tice whieh may be easily acquired^ 
as yott have seen. I will men^en to 
you the names of those stars^ and 
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you may finst find them 011 the globe 
apd then re&r, toas many of them as 
are now visible in the heavens. The 
first is in the Ram^s hprn, called 
Ok Arietis, about ten degrees to the 
north of th^ ecliptic'; the second is 
the stm: Aldebaran in the BulF^ eye, 
six degrees south of the ediptic. . 
i Charles. Then if at any -.time I 
jsee th^e two stars^ I know that the 
^ptic runs between them, and 
nearer to Aldebaran, than to that ia 
4he Ram's horn. 

Tutor. Yes i now carry your eye 
eastward to a distance somewhat 
greater from Aldebaran, than that is 
east of » Arietb, and you will per* 
ceive two bright stars at a small dis- 
. tance from one another, called Castor 
and Pollux ; the lower one, and that 
'Which is least . brilliant, is Pollux, 
^seyei} degrees on the north side of the 
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tnSipAc. VMonring the same (mck^ 
you wiU com^ to Regulusy or the 
CofLeoms, whidi^ I have alreadj olv- 
serv6d5 id exactly in the Hne €i\ht 
ecliptic* Beyond this/ and only two 
degrees south of that Une^ you wi& 
'find the beautiful star in the virgin's 
hand, eeSAed Spica VirginU. You 
then arrive at Antares, cr the TSa^f^" 
j>toffs Start ^ five d^reeson thesame 
side of the ecliptic. Afterwards you 
will find a, Aquittey whidi is situated 
nearly thirty degrees north of the 
ecliptic: and farther on is the star 
Fomalhaut in the fishes mouth, about 
as toiahy degrees south of that line. 
The ninth and last of these stars is 
Pegasus, in the wing Of the flying- 
horse, which iS north of the ecliptic 
nearly twenty degrees. 

James. Upon what account ave 
ihtUt nine stars paAicularly noticed? 

» 3 
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Tutor. Thej Bte sdeeted as the 
most consiHcupus ; stars near the 
onoon's orbit, and are considered as 
propisr sjtatiops; from which the nuKm^ 
(distance is calpulatc^ for eveiy three 
Jhours of time ; and hence are coa« 
strutted those tables in the Nautical 
AlmamCi by m^eans of , which naviga- 
tors, in their most distant voyages, 
are enjabled to estimate, on the tradu 
less ocean, the particular part of the 
globe on which they are. 
^,,, Charles. What do you mean by 
the Nautical Almanac ? > ^ 

Tutpr. It is a kind of National 
. Alman^, intend^ chiefly for the use 
of persons traversing the mighty 
ocean. It ^ was begun in the year 
1767, by.Dr- Maskefyne, the Astro- 
nomer Royal ; and is published by 
anticipation for several years before* 
.Inland for the convenience of ships 
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going out upon longyoyagas. This 
work has been found eminently im- 
portant in the course- of the late 
voyages round the world for making 
discoveries, and indeed it Is so highly 
useful to all who are ^engaged in 
navigation, that mariners always 
regard it as an indispensable compa^ 
nion, except in mere coasting voyf« 
.ages. 
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Charles. Your second method of 
tratbing the ecliptic was by meann of 
the position of the planets : wiU yoa 
explain that now ? 

Tutor. I will ; and, to render you 
perfectly qualified for observing the 
stars, I will devote the present 
Conversation to the purpose of ex- 
plaining the use of White's £phe- 
nieris, a little book which is pub- 
lished annually, and which is a ne- 
cessary companion to every young 
astronomer. 

James. Must we understand all 
this to study the stars? 
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. Tutor. You must ; or some other 
book of the same kind^ if you would 
proceed on the best and most rational 
plan. Besides, when you know the 
use • of this book, which you will 
completely with half an hours at- 
tention, you have nothing more to 
ido in order to find the position of 
the planets at any day of the year, 
than to turn to that day in the Ephe- 
meris, and you will instantly be di- 
!rected to those parts of the heavens in 
'which the different planets are situated. 
Turn to the second page. 

Charles. Here the astronomical 
characters are explained. 

Tutor. The first twelve are the 
representatives of the signs into which 
the circle of the ecliptic is divided, 
called also the twelve signs of the 
. Zodiac* 
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T Ariet. It Lmt. ' t SigiMvtiiB. 

U TaoriMU tg; Virgo* %y CapricgnMiib 

Jl Gemini. ^ Libra* «| AqoMrivtr 

IS Cancer* ni Scorpio* X Fifces. 

In astronomical iilquiries every circle 
is supposed to be divided into 866 
parts, called degrees, and since that 
of the ediptic is also divided into 
12 signs, each sign must contain SO 
degrees. Astronomers subdiiikle each 
degree into 60 parts, called minutes, 
and each minute into 60 seconds; 
thus, if I would express an angle 
of 25 degrees, 11 minutes, and 45 
seconds, I should write 25^. 11^ • 45^ 
Or, if I would express the situatioii 
of the sun for the first of January, 
1 822, I look into the Ephemeris and 
find It in Capricorn, or Vf 10^. . SI/. . 
4«^ 

James. What do you meati by tUfe 
Zodiac ? 
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Vut^* it 18 «n imagiiiarjr broad 
circle or belt surrounding 'th« hea- 
vensy about sixteen degrees wide ; . 
along the middle of which runs the 
fcliptic. The term Zodiac is derived 
from a Greek word signifying an ani- 
mal because each of the twelve signs 
formerly represented some animal; 
that which we now call Libra being 
bj the andeots reckoned a part of 
Sh^orpio. 

James. Why are the signs of the 
Zodiac dilled by the several names 
.of Aries, Taurus^ Leo^ && I s^ 
no likeness in the heavens to Rami, 
pr Bulls, or Lions, which are the 
Bnglbh words for those Latin ones ? 

Tutor. Nor do J ; nevertheless, 
the ancients saw, by the help of a 
strong imagination, a similarity be-^ 
Iween those animals and the places 
wludi certaia systems of staw took 
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tip in the heavens, and gave them the 
names which have continued to this 
day. • . 

Charles. Perhaps these were ori- 
ginally invented in the same 'way as 
we sometimes figure to our imagina- 
tion the appearances of men, beasts, 
ships, trees, &c. in the flying clouds or 
in the fire. 

Tutor. They might possibly have 
no better authority for their origin. 
At any rate, it will be useful for you 
to have the names of the twelve signs 
in your memory, as well as the order 
in which they stand : I will therefore 
repeat some lines written by Dr. 
Watts, in which they^are expressed 
in English, and will be easily re* 
membered: 

The Ram, the Btdl, the heavenly Twins^ 
And next the Crab the JJon shines, 
The Virgin and the Scak$ ; 
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The Man that holds the tpaiering'^paif 
And Fith with glittering tails. 

Charles. We come now to tbfe 
characters [daced before the p^mets. - 

Tutor. These^ Uke the foiriner^ are 
but a kind of short-hand characters, 
Which it is esteemed easier to write 
than the names of the planets at 
length. ThejT are as follow : ' 



M 


JThe Herschel^ 
1 or Uranus. 


? 


Veuus. 


V 


9 


Mercury. 


\ 


Saturn. 


J 


The Moon. 


% 


Jupiter. 


? 


Ceres ^ nevr 


e 


Mars. 


* 


Pallas 1 planets 


e 


The Earth. 


t 


Juoo 1 or 


o 


The Sun. 


s 


Vesta ^ asteroids. 



With the other characters you have 
no need to trouble yonrselve$> till you 
come to calculate eclipses/ and < con- 
struct astronomical tables, a labour 
which may be deferred for some yeate 

VOL. lit E 



to coq^ 'Sum to ithe i^gblh page of 
the Ephemeris. 

James: Have we no concern with 
^lie 4Bt€|*iq^i9t9 pag^ bj^t ween the 

8ec»n4 »nd eighth ? 

? !^lorf Tb«y do ncrf;; conteiq any 
,ihl»g lJti»t rf^Mirpfi psffimlf^ expl^ 

^9)ll^^• lo 4hs ^ht^ page^ mft^ 

:th^ «WW»on ^Im wa«k for fJaiiujary, thp 

first co^mgi pojin^ 014 the exaqt 

time of the sun's rising and setting 

at London : tbu9 on the 10th d^y gf 

January he rites at 58 minutes '^iafl^r 

7\ m the. isorncpg, and j;ets at A 

Hfiism^ pMt 4 in the afternoeii. T^e 

%l^td c(^umii givf s the dedindtion x)f 

the sun. 

• Jamfi^. - WJ!»t is tli^,.^ir? 

mo, i«r Qf ,^y iefivepjjy My> is Us 
idiAtiUcfi j^pqro jbhe m9&»m P^ in 



I 
i 

I 

I 
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^feclinatloti on the 1st tjf Jkntthxf ii 
23* 3' south ; or, it is so iAUtif ^e- 
gt^efes south df th^ Iriiagfnait i^Hittbr. 
Tuttt to March 18!82, atid ^oii iWlI 
se6 that hetwefen the 20th atlt! 3lfet' 
days it is in the equatbf, for at 12' 
rftldfck at ttbori Wi the 20tix it i^ ttily 
l6* south, and at the same hout* 6tf 
tlie 21$t it id fe' north of that line r 
kiid 1^'hen it k in th^ tqU^tdr, iktA 
ft has ud defcllnatioii, 

Charles. 1)6 &str0tl6mfefs Ml^kfi^ 
rfecfcdn frdUi l2 o^cldck at nodii ? 

jTe/for. They do ; and hfeflde iM 
astfoiiomicai day hearts 1^ houi^s inter 
than the day actjofdiri^ t6 cbniteott' 
reckoning; and thefefpfd the dgcliha- 
tidn, Idngitiide, latitude, &d; of thii^ 
Mn, thooii^ afad ^aU6ts, ar^ abiifkyb 
j^Ut down tot a o^cldcfc at nbbli dP 

the day td ifrhlch they afe dppdbtt*^ 

£ 2 
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Thus, the 8un*« dedinaticm fyr the 
17th of January at 12 o'clock is SO^ 
48- south* ^ 

Charles. Is that because it is the 
oommeiicemeut of the astronomical 
day» though in common life it be 
called 12 o'clock? 

Tutor^ It is;, The three next 
columns contain the moon's deplina-r 
tion, the time of her rising and setn 
ting, and the time of her southing, or 
when she comes to the meridian or 
sputh part of the heavens. * 

Charles. Does she not come to the. 
south at noon as well as the sun ? 
. .Tutor f No ; the moon never comes 
to the meridian at the sactne time as 
the sun, but at the time of new 
moon. And this circumstance takes 
placcy- nearly, at every new moout 
as. you. may see by casting your 
eye down the several columns in the 
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MQtiiftl^; 

ITie gloty, the chan^dS, fttid tW 
motion of the moon^ are b^autifbllj^ 
fle^ribed in the iblld^ing' lin\^ i^ 

By thy coininand the Moprii as day-light fftd^% 
Lifts ner broad circle in thb deep*nioE sbadet ; 
' Array'4 in g\ofj, ktiA enthi-ofl^d 'in h*|ht, 
. JSIietarealUthi^iblMUi tenors ofilieQlgbii 
^ SjijFeetJy iqcoB8l»i^fe iQ hfr valuing temc^ I 
Sh^ chapgae stilly another, yet tha satael ' 
Now in decrease^ by slow degrees »he shrouds 
Htr fkding lustre iii a veil of clouds : 
• Now- (yf iiicrease her gatif Hng tileitbs display 
^ A lil^zrof ligltff iitid glf^ A pnU^ dkf; 
Ten tboasand stdrs ftdOrn ber gHtl*nfo|i truiny 
Fall when she faU^^ and rise witb her agaii)| . 
- And o'er the deserts of the sky unfold 
l*heif btimMg Bpftbgies of sidereal g6ld : 

^ . brif^ti 
Que^ of the gay fittcn4ants pf |he nigbt { 
Orb {(bove orb in sweet confaaion liesy 

' And witH a bright disorder paints the stales. 

£ 3 
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< • * 

. Jam€Sf What' do you . say of Umi 

column which is marked sometimes 
flock before sun, at others, < chck 
after mn f • 

Tutor. A full explanation of tbflit 
must be deferred till we come to 
speak of the equation of time; at 
present it will he sufficient for you 
to^ k|¥>w, that if you are in posses* 
sion of a very accurate and well 
regulated clock, and also of an excel- 
lent sun-dial, they will be together 
only four days in a year; now this 
column .in the Eph^meris points out 
how much the clock is before the sun, 
or the sun before the dopk, for every 
day in. the yean On Twelfth-day, 
1822, for instaQce^ the clock is faster 
than the sun by '6 minutes and 7 
seconds; but if you turn to May^day, 
you wilt find that the clock is 3^ • 2^ 
^Qwej; than the sun* 
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r ' Jame^. What irothe foqr A^rft in 
the 7«r when the clock and dial aie 
togetiier ? 

Tuior. Ahont the 15th of April; 
Uie 15th of June, the Ist of Sep- 
tembetv and Christmas-day. 

Charles* By this table then » we 
may regulate our clocks and watches* 
' Japes. In what mamier ? 

Charles. Examine on any parti- 
cttbfr day ibe dock or watch^ and the 
indication of time on a good dial at 
the same time/ say J 2 o'dockt an4 
observe whether the difference be* 
tween them answer, to . the difference 
set down ia the table, opposite to the 
day of observation. Thus on the 12th 
of March, 1822, the clock did not 
show true time unless it was 1(/ • 9f 
before the dial, or when the dial Is 
12 o'clock it must be 10' . 3^ p^st 12 
by the clock or wi^ch. ' . . 



'■-' Tud^P* «W^U let iift^ psMaai.to 
«te Matt pigisi. The fint throe ^/rMhr 
columns, relating only to the diutU 
l&on bf^dayiigtkt ibd IwlUght, i^iiire 
110^ e^plahalioii ? tte fburtfa we shAil 
pass over for the pre^^t; and ant 
IP^fnAinif^g ^ve ^^f^iYi^latittide of the 
planed. • 

Jame)^. «Whttt do joa^nean^by the 
iati«Ud«[j lAr ? 

TW^r. The latitude dP «ii^ h^^ 
i^iily body iis ic^ diatiinee trota the 
tciipiic tionh or aouth. Thus ttad 
latitilde of Venusi on Aew<«year*8 day^ 
18B3, was l^'.r dduth. 

Charles, Then tb« to^/lii^ ef h#ft« 
Venly bddies, has t^ sftftie tefttenee 
to the tcUptic, thAt dedinatim has Mi 
the equator? 
* Tutor. It has. 

Jntni^s. But I ddtiot d6e any table 
of the sun's latitude* 
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* 

. T\ii&r. I date sa j your iNPoAer 
can give jou a reason for this. 

Charles. Since the latitude of a 
heavenly, body is its distance from 
the ediptic^ and since the sun is 
always in the eclipticj therefore he 
can have no latitude. 

Tutor. The longitude of the sun 
^d planets is the only tbuag in this 
page that need now be explained. 
The longitude of a heavenly body is 
its distance from the first point of 
the sign Aries^ and it is measured on 
the ecliptic. It is usual, however, as 
you observe in the Ephemeris, to ex* 
press the longitude of a heavenly body 
by the degree of the sign in which it 
is. In this way the sun's longitude 
ont he first of January, 1822, was in 
Capricorn 10* . Sff . 48" ; that of the 
moon in Aries 17" . 44". 

Charles. There are some short 



crolumtiS apoh the fbftriel* pa^d tt^hich 
you hav6 oinittecl. 

• Ditor. Thfe US6 6f th6se, as Well as 
flf the nfe^ column 5f the tndon^s paral- 
lax, will be Detter undef dtdod when we 
bdme to converse respecting the moon 
and planets.* 

; ' f R»r theekplbtiiilioa o£HlU6tteittHi:Lcmgitiid«^ 
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CONVERSATION V. *• 

Of the Sotar System. 

TuTQB. We will now piQceed tp 
the description of the Solar System* 

Jame$. Ot what dp^s tlwt CQi^sist, 
sir? 

Tutor* It consists of the ?un, and 
jplan^ts^ with th^ir satollites, or.nioons- 
It is called the Solar Sy^tem^ /rom 
SoU the sun, because the sun i« sup- 
posed to be iQxed in the c^ntre^ whil^ 
the planets^ ^nd our earth amonp 
.thepn^ rjevplve round him at different 
distances. 

CkifrleSt But 9re there qot some 
jpepplQ who believe that the sun go^ 

jound thi? earth ? 

. ... 

Tutor* Yes, it i^ an opinipn era- 
braced by the generality of {(ef^anp 
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.not accwtomed to reason on these 
subjects. It was adopted by Ptolemy^ 
a celebrated astronomer of antiquity, 
who supposed the earth p^fectly at 
rest, and the sun, planets, and fixed 
stars to revolve about it every twenty- 
four hours. . 

James? And is not that the most 
natural supposition ? 

J\4tor. If the sun and stars were 
small • bodies in comparison of the 
earth, and were situated at no very 
great distance from it, then the system 
maintained by Ptolemy and his fol- 
lowers might appear the most probable. 

James. Are the sun and stars very 
large bodies then ? 

Tkitor. The sun is more than a 
million of times larger than the earti 
which we inhabit, and many of the 
fixed stars are probably much larger 
than he is. ^ 



OF TBI 80LAR STST£M. 49 

' Charks. What Is the reason, then^ 
Hihat thej appear so small ? 
* Tutor. This appearance is caused 
by the immense distance there is be- 
tween us and these bodies. It is 
known witlf certaitity, that the sun 
is more than 95 millions of miles 
distant from the earth, and the near- 
est fixed star is probably more than 
two hundred thousand times farther 
from us than even the sun himsetf.* 

Charks. But we can form no 
conception of such distances. 

Tutor. We talk of millions with 
as miich ease as of hundreds or tens, 
but it is not, perhaps, possible for the 

* The young reader will, when \fb is able to ma* 
nage the subject, see this* clearly demoostrated by a 
series of propositions in the 5t& book of Dr. Enfield's 
Intticutes of Natural Philosophy, second edttioB.p-» 
See p. 346 to the end of book V. See also the 
Treatises on Astronomy, by Brinkley, Vince, and 
Woodhoofte. • * 
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mind to, form ^ny a^e^neie copi^p- 
tions of such bigh pumbers^ l^vr^rii^ 
pqthods have been adopted to a^ist 
ithe mind incompl'eheiiding the vastt 
jiess of these distances. You bavf 
^Qipe idea of the swiftnesg with wbicb 
fi ca^non-b^ prOqeodi; from the mouth 
of th|e jgjun ? 

James. I have heard ^t the r^t^ 
iof ei^ht miles in a minute* 

Tutor* Arid ypu know hpw many 
^nutes there are in a year ? 

James. I can easily find that out 
^y multiplying S6d days by g^ for 
the number of hours, and tbat prp^ 
4vct .by G% and I shall h^ye ^\yi 
number of minutes in a year, whiph 
;mn(ib^r is 525,600. 

TijitOTp No^ if you divide the 
distcmoe of the sun from the earth by 
the number of minutes in a year, 
multiplied by 8^ because the ,c^n(]^ 
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'MH tra^s dt the tdte of 8 iftflds id 
one minute, jrou will know hoW long 
any body Ifesuitig from the Strfl, l^ith 
the velocity of a cannon-ball, would 
etnplby hi i-eachltig the earth. 

Charles. H I divide 95,dOO,Ot)d 

My ijg5,6o0, muItipUed by 8, of- 

'4,204,800, the answer Will1)e hioffe 

than 22, the number Df years taken 

for tha journey. 

Tutor. I^ it then probable that 
bodids so large, and at such distMces 
ftom th(i earth, should revolve rouhd 
jt fevery day ? 

Ch(irles\ t do not think it ig.-f- 
Will ybu, sir, go on with the dt- 
sfcnption of the Solar System ? 

Tutor. According to this system, 
the Sun is in the centre, about Which 
the planets revolve from west to east, 
ac<^rding to the dfdqr of the signs in 
the fecfejlticr that is, if' 4 planet fe 
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seen m Aries» it advances to Tawus^ 
then to Gemini, and so on. 

James. How many planets are 
there belonging to the sun ? 

Tutor. There are seven, besides 
some smaller bodies of the same kind 
discovered during the present cei^ 
turjr, c represents the sun, the 




nearest to which, Mercuvj/f revolves 
in the orbit a, nearly circular; next 
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Ota him Is tile beadtifyi pfarwt FeiflKi, 
i^ho performs h6r revc^utiisti in tlife 

'iMfai* i i khen comefi the E^tth ili ^ ; 
DeKt to whi<$h k J/^r^ in e ; then 
Jupiter in the drbit // afterwardlJ 

^tuirn in ^; &fid fitt* beyond him 
ike Heruktl planet pelrform^ hh m- 
volutiM ill tbW orbit h. Dd yoii re^ 
collect the lines in Thomson's Sunm 



« and thou^ O Sun> 



'■ Soul of dorrotmding worlis ! in whom best 8*cn 
• SiiiafiS eol thy M;4K£e I ttMy I aiog of th^ ? 
Ti» 1^ tl^ ieoret, fltrong, attractive &rc«> 
As with a chain indissoiubie bound. 
Thy syspem rolls e;itire : from the far bourne 
Of utmost Fersc^/, wheeling wide his round 

W/ow«eof« yeers; to Mercury, whose disc 
; Caa soiree be caught by philosophic ey^ 
Lost io the near effulgence of thy blaze. 

^ Chirks. .You have substituted the 
words Herschel, and foUrscerej for 

F 3 
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Sitami and thirty. These lines BSte 
descriptive of the figure. f 

Jafim. For what are the smalhr 
fdizdes, whicR are attached ; to several 
of the larger ones, intended ? * 

Tutor. They ajre intended to re- 
{nrjesent the orbits of the several satel- 
lites or moons belonging to some of 

Ihe planets. > 

James. What do you mean by the 
word orbit ? 

Tutor* The path described by a 
planet in its course round the suii, or 
by a moon round its primary planet^ 
is called its orbit. Look to the orbit 
of the earth in ^ and you will see, a 
little circle, which represents the orbit 
in which our moon performs its 
monthly journey. 

. Charles. Has neither Jl^erciiry nor 
yenus any moon? , . ; 
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, ! Tutor. None have eyer been disk 
CGTered belonging either to Mercury, 
Venus, or Mars* Jupiter, as you 
observe by the figure, has four moons : 
Saturn has seven: and the Herschel 
(which also goes by the name of 
Uranus) has six: these for want of 
room are not drawn in the plate. 

Charles. The Solar System then 
consists of the sun as a centre, round 
which revolve seven planets, and 
eighteen satellites or moons. Are 
there no olher bodies belonging to it ? 

Tutor. Yes, as I just observed, 
four other planetary bodies have been 
very lately discovered as belonging tQ 
.the s6lar system. These are very 
small, and named fi*om the astrono- 
roers who discovered them^ who were 
Messrs. Piazzi, Olbers, and Harding, 
They are also called the Ceres Ferdir 
nandea, Pallas^ Junoj and. Ve9ta^ 



^heife arS idihets ialso which wake 
iheir appearance occasionally; and.il 
^m)uld be wrong positively to affirm 
that thei*e can be no other planets be* 
lon^ng to the Solar System; sinttfe, 

» 

besides the four bodies just mentiotb- 
ed, it is only within thes6 forty years 
that the seventh or the tierschel has 
been known to exist as a p!anet con- 
nected with this system. 

Charles. Who first * adopted the 
system of the world which you hard 
been describing ? ^ 

Tutor. It was conceived and 
taught by Pythagoras to his disciples, 
800 year^ before- the time of Christ. 
But it seems soon to have been d!»- 
i^garded, or perhaps totally rejected^ 
till about 300 years ago, when it was 
i*iBvived by Copernicus, and is at 
length generally adopted by men of 
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The soil renAnog on his aus tarnt, 
Aod with creative fire intensely boms ; 
Impelled the forcive air^ oar earth supreme 
Rolls with the planets round the solar gleam: 
First Mercury completes his transient year^ 
Glowing refulgent; with reflected glare; 
Bright Venus occopies a wider way ; 
The eariy harbinger of night and day ; ; 
More distant still our globe terraqueous turns, 
Kor chills intense, nor fiercely heated burns. 
Around her roUs the lunar orb of light, 
Trailing her silver glories through the night : 
Beyond our globe the sanguine Mars displays 
A strong reflexion of primeval rays; 
Next belted Jupiter far distant gleams^ 
Scarcely enlightened with the solar beams; 
With fonr unfix'd receptacles of light 
He tow*rs majestic through the spacious height; 
J3at farther yet the tardy Saturn lags, 
And seven attendant luminaries drag?;' 
Investing with a double ring his pace, 
fie circles through immensity of space. 

Chattertov. 
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0/ tJte Figure of ihe Maf4k. 

TuToa. Having, in ont last Con- 
versation, given you a description pf 
the Solar System in general, we will 
now proceed to consider each q^ its 
parts separately: and siiiOe we are 
most-rof all concerned with the earth, 
we will begin with that body. 

"^ James. You promised to give us 
some reason? why this earth must be 
in the form pf a globe^ and not a mere 
extended plane, as it appears to com- 
mon observation. 

Tutor. Suppose you were stand- 
ing by the sea-shore, on a level with 
the water, and at a very considerably 
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distapge, as fer a3 tbe eye cm rescb^ 
you observe a ship approacl^pg, if }iat 
ought tp be the, 9f)^e^rcgKe, s^ippoaing 
the suriace of the sea to be« flat plane?, 

Charles. ^ We. shouU* I thiak^ see 
the \fhoIe ship at Qnqe» that is,. tJie 
hull would be visible as* socm a3 tbe 
top-mast. 4 

Tutor. It certainly mu^t, op iadeie4 
rather sooner^ becayse the body of 
the vessel bein^ so much large? than; 
a slender m^st^ it mys^ nece^rilj bf^ 
visible at a g]:eai;er dist^uK^. 

James. Ye^ I cau see the stjeeide 
of a church at a much g;reater dis^. 
tance that I c^n discern the iro& 
conductor which is ujpon it, and that 
I can perfj^ct]^ §ee long befqre the 
little piece, of gold* wire, which is fi^d 
at its extremity, is visible* 

Tutor. Wel}^ but the top-masjl; of 
a yei^l aft aea is always, ui vk«f «^ja$r. 
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little time before the hull 6tt\\j& vesi 
sel can be discerned. Now, if. the 
surface of the sea be globular, this 
ought to beT the appearance, because 
the protuberance or swelling of the 
water between the vessfel and the 
eye of the spectator, will hide the 
body of the ship some time after the? 
pendant is seen above. 

Charles. In the same way as if c^ 
high building, a church for instance,, 
were situated on one side of a hill^ 
and I was walking up on the opposite 
side^ the steeple would come first in 
sight, and as I advanced towards the 
summit, the other parts would come 
successively in view. 
' Tutor. Your illustration is quite 
to the ptirpose : in the same way two 
persons, walking up a hill on the op- 
posite sides, will perceive each other's 
heads first ; and as they advance to 
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the top, the etber parts of their bo- 
dies win become visible. With re- 
spect to the diip, the fdlowing figure 
wiU convey the idea verf accuntelj. 



Suppose CAB represent a small part 
of the curved surface of the sea ; if a 
spectator ttand at B, while a ship is 
at c, 00I7 a small part of the mast is 
visible to him, but as it advances, 
more of the ship is seen, till it arrive 
at e, when the whole will be in sight : — '■ 

. Behold when tht i^sd Aip thoota from the port 

UpoD fiill utti, the hulk first disappean, . 

And tb«n the loweT, tlien the higher mila; 

At length tEie «aniiiiit of the tow'riug mast 
' Atone is mco ; nor iMi, when fntm the ship 

Thelongiiigsailoi^fejraintK^afshon: ' 
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Eor theQj^ fsom the top-masV ^o^ Di0re ren^ota • 
Than either deck^ the shore is first beheld. 

"* liOPPt'i EtJDOSJf A. 

, Ckitrk^ Wheo I stood bj the &e» 
side the water did not appear to me 
to te carved^ 

liitor. Perhaps not ; ^vd its con- 

, yesity mrfr be discovered upon atkf 
stift water; as upon a riyer, wMch 
is extended a« mile or two in Ieng(b> 
for y.ou might see a yery small boat 
at that distance while standing up- 
riglit ; if then you stoop down so a^ 
tp bring your eye near t^e M^ater^ 
you will find the surface of it risUi^ 
in such a mi^ner as to cover the^ 

' boat, and intercept its view com- 
pbtelyC A^ether pmof a§ ttte gh^ 
bular figure of the earth is, that it 
is necessary for those who are em- 
ploy^ in cutting canals, to moffj^ a 
certaia attawapMie fey the omvomty ; 
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^aee the «Hie lev^ is sM a straighl 
Km^ but % cuire which falls beloW 
k €figtyt inched ii^ the first mile. . 

C^Afites. I hate he^rd of peopte 
st^^M^ rouiHl th^, w^rU, whieh is 
anothefi^ proof, I imagine, of the glo^ 
bular figure of the earth. ' 

'Hitor. It is a well known fact, that 

• f _ ■ 

navigatbln have set out from a parti- 
€ulllr {k)H| and by steering their course 
toBtinudlj westward, havb at lengtii^ 

IT • 

arrived' at the same place' from whence! 
they first departed. Now^ had the 
earth been an extended plane, th^ 
t(inger they had travelled, the ferthef 
tfiust they have been from home. 

Charles. •HoW* is it khowh that 
they continued the same course? 
Hli^t they tidt have been driVen 
pou&d at open sea? 

Tutor. By means of the mariner** 



compass^ the history, properties,- and 
iises of which, I will explain very 
particularly in a future part t)f our 
lectures, the method of sailing on the 
ocean by one certain track is ne^y 
fis sure as travelling on the high 
London road from the metropolis to 
York. By this method, Ferdinand 
Magellan sailed, in the year 1519/ 
from the western coast of Spuio^ and 
continued his Toyage in a westward 
course till he arrived after 1124 
days in the same* port from whence 
he set out. The same, with respect 
to Great Britain, was done by our 
own countrymen sir Francis Drake, 
lord AlUsou, captain Cook, and many 
others. 

Churks. Is then the common ter- 
restrial globe a just representation 
^ the earth? 



OF THE n^iA ifi 4hb earth. '^ 

* 7W<^r. : Ui^, wiflt this ^^U dif. 
ference,^ that the artificial globe is a 
peifsct*sphere, whtereas the earth is a 
spberoidy that is, in the shape of an 
orange^ the diameter from pole to 
pdle being 'about 87 miles shorter 
than that at the equator. 

The globe Cerrestrialy with its slantinj; polesy 
^nd al} its pondVous load^ unwearied rolls. 

BtACKlilOfeE. 

* What the earth loses of its sphericity, by moun- 
ttiins and valleys, is very incopsiderable; the highest 
mouutaiu bearing so little proportion to itb bulk^ as 
•carceiy to be equivalent to the minutedt prot«ber- 
fi9p^ Qjb the surface of an orac|;e i-^ 

These inequalities to qs seep great ; 

. BtiK to an «3'e that oomprebends tbe wbole^ . 

The ^nifMir, which to us so monstrous seemS| 

I9 as a grain of ^arkliag sand that clings 

To th^ smooth surface of ^ sphere of glass; 

OftA a* fly updn the convex dome 

Of ft samimex stBpe^{iottB edifice* 

LorjT. 



James. What are the p^> rir i 
Tutor. In 

the artificial 
globe there is 
an . axis >^ s „ 
about which 
it turns ; now 
the two extre- 
mities or ends 

of this axis N and s are called the 
po*es. 

Charks. Is there any axis belong- . 
ing to the earth ? 

Tutor. No; but, as we shall 
to-morrow show, the earth turns 
round o^ce in every S4 hours, so 
astronomers ima^ne an axis upon 
which it revolves as upon a centre, 
the extremities of which imaginary- 
axis are the poles of the earth; of 
these, n, the. north pole, points at 9II 



OF THB y|C0AS or THE SAETH. 6^ 

times exBdtjr to the nortb pole of the 
heavens^ which we have already de^ 
scribed, and which is, as jou recol-» 
lectj within two degrees of the polar 
star in the diagram^ page 14. 

James. And how do jou define 
the equator ? 

Tutor. The equator A B (in the 
lost figure) is the circumference of an 
tmaginaiy circle passing through thef 
centre of the earth, perpendicular ta 
the axis.N s, and at equal distances 
0*001 the poles. 

Charles. And I think you told ui^ 
that if we conceited this circle ex-i 
fended etery way to the fixed stars it 
would form the celestial equator. 

Tutor, I did ; it is also called, the 
equinoctial, and you must not forget, 
that in this case it would cut the cir-^ 
cle of the ecliptic ci^ in two points* 



'- Sdfnes. Why is the ecliptic marked 
bn the terrestrial globe, since it is a 
circle peculiar to the heavens ?• 
' Tutor. Though the ecliptic be pe-^ 
culiar to the heavens, and the equdtot 
to- the earth/ yet they are both drawn 
on the terrestrial and celestial globes, 
in ol*der, among other things to 
nhow the position which these inM^ 
ginary circles have )n relation to on0 
Mother. 

I I sbaU nO|tr condude oiir present 
Conversation, with observing, * that; 
te^ideft the; proofs' adduced for the 
globalar form ot the earth, there are 
others aquayy conclusive^ which will 
be better uiidei stood a few days henoe; 
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CONVERSATION VII. 



Of the Diurnal Motion of the Earth. 

9 

Tutor. Well^ gentlemen, are 70a 
satisfied that the earth on which you 
tread is a globular body and not a 
mere extended {dane ? 

Charles. Admitting the facts which 
yoii mentioned yesterday, viz. that 
the top-mast of a ship at sea is always 
visible before the body of the vessel 
comes* into sight; — ^that navigators 
have repeatedly, by keeping the same 
direction, sailed roitbd the world;-*- 
find. that persons employed in digging. 
canals, can only execute their work 
with effect, by .allpwing for the sup- 
posed globMlw sbitpe of the 0artb, it 



is evident the earth cannot be a mere 
extended plane. 

James. But «A1 iliese facts can be 
accounted for, upon the supposition 
that the earth is a globe, and there- 
fore jou conclude it is a ^lol^: tbf^ 
was, I belteve, the nature of the 
proof? . 

: TutGr. It was; kl us now adU 
vanoe: one step fartiier, and show you 
that this globe turns on an imagiimrjr 
aJcis every twenty-four hoiacs; and 
tbereby causes the sudcession of day 
wA night : 

. ^ud earth' self-bal^'d qn lier centre hung. 

Par. Lost. 

- James. I shall wotider if you are 
^le to a^ord such satisfactory 6?U 
dence df the daily motion of the earth, 
as of its' gkbular form. 

^'Tumi litik^t, n^vdrth^esA tiiat 
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Htm MgmeBts ob tkid siibjeet will 
he safficiently cofrrincing) and tbfA 
'befcare ir6 part yoti wilt adonit^ that 
tbe a|)parGiit liiofeKAi of the 8un and 
stars IS occasioned bj the diurnal 
flioluitt of tJie earth. 

Charles. I sfaatt* be glad to hear 
how this can be prov^; for if^ ia 
tht nwining, I kiok at the stm when 
rising, it appears in the east, at noim 
it has travelled to the sautb, antf in 
the evening I see it in tbe western 
part of the heavens. 

James. Yes, and wc cbseereA tfte 
same last night (Marcb the £rst) 
with resnect tq. Arciurus^ for abo«t 
eight- a'clock- it had just i&kh in the 
north-west part of the hDriaion, and 
when we went to bed two^ hours aftei; 
it had ascended a good height in; tba 
ktevensy evidently: tvavelttnf to<ea«da 
the.wfist* 
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Tutor. It cannot be denied that 
the heaTeniy bodies appear to rise in 
the east and set in the west ; but the 
'appearance will be the same to us, 
.whether those bodies revolve about 
the earth while that stands still, or 
they stand still while the earth turns 
on its axis the contrary way. 

Charles. Will you explain this, 
sir? 

Tkitor* Suppose 
o B c B to repre- 
sent the earth, t 
the centre on which 
it turns from west 
to east, aoHn'ding 
to the order of the 
letters 6 r c B* If 
a spectator on the sur&ce of the earth 
at :i^ see a star at H» it will appear to 
him to have just rben ; if now the 
earth be supposed to turn on its axis 
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its axis a fourth part of a revo*^ 
lutioir» the spectator will be carried 
from. E to c^ and the star will be 
just over his head; when another 
fourth part of the revolution is com*- 
pletedy the spectator will be at B, and 
to him the star at H will be setting, 
and will not be visible again till he 
arrive, by the rotation of the ^arth, 
at the station K. 

Charles. To the spectator, then, 
at B, the appearance would be the 
some whether he turned with the 
earth into the situation B,' or the star 
at H had described, in a contrary 
direction, the space H z o in the same 
time. 

Tutor ^ It certainly would. 

James. But if the earth really 
turned on its axis, should we not 

perceive the motion ? 

Tutor. The earth, in its diurnal 
rotation, being subject to na impedi-^ 

VOL. 11* H 
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tigi| <;aqpo|: fifffcf; tl^^ senee^. Iq 
t^e mme way $hip^ pn ^ $(po(^h s«^ 
W« ff<tqqPBt|jr tanned entirely foyn^ 
^y tlig tide, w^l^out the ^qoyirleflge pf 
%}H(fS9 perspnf vfho happeq (q be busy 
in Jh^ p?hin qr Mt^e^ P th? 4ec^s. 

Qhfrlf^r 'Xh^X is, bep?q?e they 
jjsy 90 atteRtipn to any ptber objfpt 
but the vessel in vi^igl) (j^ey arq, 
ilv^ry part p^ the ?hip n^qyes with 
tbieoHielves. 

Jwieh Bm* if, whije t^q ship if 
tUFnkg JvjI^jftBt; their k»fiwlfidge, 
^m l»BPeB to Iw J^ing ft* ^«> 

4km>i otuecis, i(r]}^| i^m |b|g th¥ 

appearance ? 

2lK<(f . To th?it), the qjbjects 
YJbiQh iifi^ fit rppt wiU appqar ^ be 
tHrniag xound. the contrary way. la 
the same manner we are deceired is 
iiie motion of tbe rartb round ito 



r 
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aiis i for if i^e dttktia io nothltig b^t 
What k conU^d^ with the elftHh^ m 
catitibt pfercfeiVe a hibtioti of whibh 
^e part^k^ obtsdlv^s ; kiid if #e fik 
ttur eyeis bfa tlie hedvenly bodies^ the 
thotioil of the eSUH bfeing Sd eisy, 
they will ai)pedr to bie turriihg in a 
'direction cbtitraty to the i-^al ffiotioh 
bf the earth. 

: Charles I hare sometimes Stett 
U sky-liiirk hovering and ringing ov^^ 
a particular field fbt several miiiutdt 
together ; now, if the ^Atih is conti- 
nually in motion White the birtt te- 
niains in the same part df th6 ^ir, 
tvhjr do Wb tidt i^ee Ihe fields bver 
Which he fir^t ^dcetided^ pttsi ft*db 
nndet hihi ? 

Tatdr. BecaUsb th^ htitidSpher^, 
in which the Idrk is gup&ndedi h 
connected wiih th& eartHi paltdkes 
of its motion^ and caities tH« ]»tk 

H 2 
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albng with it; and therefore^ inde-i 
pendently of the motion given to 
the bird by the exertion of its wings, 
it has another in common with the 
earth, yourself, and all things on it, 
and, being common to us all, we 
have no methods of ascertaining the 
fact by means of the senses. The 
rotation of the earth on its axis, th^ 
smoothness of its motion, and its 
effect on the atmosphere, are describe^ 
hy Milton in three lines : — 

> I . That spinniog ^leep^ 
On her soft axle as she paces even, 
An4 bears us swift with the smooth air along. 

James. Though the motion of a 
fihip cannot be observed without ob- 
jects at rest to compare with it, yet 
I cannot help thinking, that if the 
earth moved, we should be able to 
discover \t by means of the stars, if 
they at^ fixei 



TttibY. Do you ttbi riittieniber 
once sailing very siviftly on the river, 
when ybu told tne that ybUr thought 
nil the tl'ees, houses, &;c<i dU itis 
banks were in tnotioii ? 

Jamts. I now recbllect it well, 
and I had sotoe diflSciilty itt pei»- 
suAdirig mys'elf that it wad Hot %o% 

Charles, fhi^ brings to my tllitid 
& still stronger dedeiitibii of thii ^ort : 
when travelling ^th gi^ftt Iffefed iti 
n post-chaise^ I suddenijr wak^d £rom 
A sleej) in a dtnbdth but tiarrdW rbftd, 
and 1 could scarcely hel^ thitlRifli^, 
for several minutes^ but thkt the 
trees and hedges were running aiVfty 
from us, arid not w6 from thdtti. 

Tutor. 1 win Xneiitioti another 

curious instance of this kind } if ybu 

evet happen to travel pi*etty swiftly 

in a carriage by the ^de of a Add 

•ploughed into lohg narroM^ ridges, 

H 3 
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and perpendicular to the road, ^ou 
mVL think that all the ridges are 
turning round in a direction contrary 
to that of the carriage. These fact3 
may satisfy you that the appearances 
will be precisely the same to us, whe- 
ther the earth turn on its axis from 
west to east, or the sun and stars 
move from east to west. 

James. They will : but which is 
the more natural conclusion ? 

Tutor* This you shall determine 
for yourself. If the earth * (p. 66.) 
turns on its axis in 24 hours, at what 
rate will any part of the equator a b 
move? 

Charles. To determine this we 
must find the measure of its circum- 
ference, and then, dividing this by 24, 
we shall get the number of miles 
passed through in an hour. 

Tutcr. Just so: now call the semi*- 
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diameter of the earth 4000 mfles, 
which 13 rather more thaq the true 
measure, 

James. Multiplying this by six * 
will give 24,000 miles for the cir^ 
cumference of the earth at the equa- 
tor, imd this, divided by 24, gives 
1000 miles for the space passed 
through in an hour, by an inhabitant 
of the equator. 

* If the reader would be ftccarate in bis cal- 
Cttiations, he must take the mean radius of the 
earth at S965 miles, and this, multiplied hy 6,28318, 
will give 34,912 miles for the circumference. 
Through the remainder of this work^the decimals 
in multiplication are omitted, in order that the 
mipd may pot be burdened with odd numbers. It 
seemed necessary, however, in this place, to give 
the true semi-diameter of the earth, and the num- 
ber (accurate to five places of decimals) by which 
if the radius of any circle be multiplied, the cir- 
cumference is obtained. Mr* Playlair makes the 
longest -semi-diameter of the earth to be 3962 J miles^ 
and the shorter 3949| miles. . 
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Tutor. Yoii are right. The Siitt, 
t have already told you, is 95 hlit- 
lions of miles distant from the earth ; 
tell me, therfefore, Charles, at What 
rate that body must travel to go 
round the earth in 24 hours ? 

Charles. I will ; 95 millions ihul- 
tiplied by six will give 570 millions af 
miles for the length of his circuit; 
this divided by 24 gives nearly 2l 
millions of mile^ fbr the space he must 
travel iti ^rt hour, to gb round the 
earth in a day. 

Tutor. Which now is the more 
probable conclusion, either that the 
earth should have ^ diunial motidn on 
its axis of 1000 miles in an Hour, or 
that the sun, which is a million of 
times larger than the earth, should 
travel 84 millions of miles in the 
'sametimfe? 

James. It is certainly more rational 
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towconclude that the earth turns on its 
axis» the effect of which you told us 
was the alternate succession of day 
and night. 

Tutor. I did; and on this and 
some other topics^we will enlarge to« 
morrow. 
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James. * You propose, now, sir, 
to apply the rotation of the earth 
about its axis to the succession of day 
and night. 

Tutor. I do: and for this pur- 
pose, suppose GKCB (in the diagram at 
page 72) to be the earth, revolving on 
its axis, according to the order of the 
letters, that is, from G to E, R to c, &c. 
If the sun be fixed in the heavens at z, 
and a line H o be drawn through the 
centre of the earth T, it will represent 
that circle, which, when extended to 
the heavens, is called the rational 
horizon^ 



frqnt (he sensible horizon ? 

TutoVf Tbs seniibl^ horizon if 
^hat circle in th^ h^^vexis which 
bounds the spectatpr's view, an4 
which is greater or Jess, according 
as he stands higher or lower. For 
example; aR eye pl^p^4 ^t^^e h^\ 
ilbove t^e s^rfece of thg earf h Qr s^^ 
gp^ gf ipilqs pvery w^y: but if jf 
be at ^6 feet high, th^t is> 4 t^Ws th? 
hejghf;, it will see 5t^ rpi^es, or t^f^ric^ 
the distance. 

Charles, ^h^n tthP sensibly differs 
from the ratioml hor^^Qn iq thisy 
jth^^t the former is seeii frona the sur- 
face of the earth, ^nd the latter 13 
^up^sed to ^ be viewed froifl it3 

centre. 

Tutor. You are right; ^d thf 
pSPg^ ^n4 settipg of the f un ^4 ^tars 
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James. Why so ? they appear to 
rise and set as soon as they get above, 
or sink below, that boundary which 
separates the visible from the invisible 
part of the heavens. 

Tutor. They do not, however: 
and the reason is this, that the dis- 
tance of the sun and fixed stars is 
so great in compa^iipon of 4000 
iniles (the difference between the 
surface and centre of the earth), 
that it can scarcely be taken into 
account 

Charles. But 4000 miles seem to 
tne an immense space. 

Tutor. Considered separately, they 

are so, but when compared with 95 

. millions of miles, the distance of the 

sun from the eaith, they almost vanish 

as nothing. 

James. But do the rising and set- 
^ting of the moon, which h at this dis« 
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tance of 240 thousand InHei^ only, 
respect also the rational horizon ? 

Tutor. Certainly; for 4000 com- 
pared with 240 thousand, bear only 
the proportion of 1 to 60. Now if 
two spaces were marked out on the 
earth in different directions, the one 
60 and the other 61 yards, should 
you at once be able to distinguish tke 
greater from the less ? 

Charles. I think not. 

Tutor. Just in the same manner 
does the distance of the centre from 
the surface of the earth vanish in 
comparison of its distance from the 
moon. There is a difference, how- 
iever, connected with what astrono- 
mere called parallax ; but this is not 
the time to explain that peculiarity. 

James. No : our present business is 
with the succession of day and night. 

Tutor. Well then; if the sun be 
VOL, II. 1 
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sypppspd ^^ If, i|; yeilj^llfiipl^i^te^ by: 
its rays, i^U tWt part of the eart^ that 
i§ ^bpyp ihp hjjrizpn H p. T9 the in- 
l^abit^nts at Q, its lyesteyn bp^ndarjj^ 
^ will appei^r Ju&t Tfsingj to thp^ 
SLityafed §^ R, it ^m y noon ; and to 
tboge iq the e^st.ejrn part of the j^pri- 
^op q, it wiU be setting. 

.fhsr^es. J §ep4earlyw^yitsho#ld 
be noon to tho§e whp Jive fut n^ jt>e.r 
cause the sun is just pyer tl\eir ^(^s ; 
Jjpt it i» not so evident, why tljte jsun 
WM?t §pp^a|r rising and setting t^ tpQs^ 
]^ho j^j-j5 9t ,G jind c. 

T^tQr* ypS are s^tisfigcl th,^^ » 
s^pfatpr pannot, irpjp any \Aace, ob? 
s^yye ;pofe than a s^nai-circle of jthe 
^l^avei^ at any opp ^time ; now ^hftj 
pai:jt^f the b.e^y<eps will the sjpectatpr 
^t G pbsef ve ? 

Tior^^etf. J^e jrill ^ tjte 



Tutor. The bounddi^ to his vifeif 
will be N and z, will it not ? 

Charles. Yes; and c6ii^^quefitly 
tbe sUii, at ^, will td hiiii b6 just 
coming into sigkt. 

tutor, theti, by the rotatioii of 
tiie eaHU, the spectator at 6 will in 
a few hours cdhie to R, when, to hini, 
it will be ridon ; and those, who live 
at It, will have descended tb c! ; now 
what part of the heavens will they see 
in this situation ? 

* James. The concave hemisphere 
N H z, and z being the boundary of 
their view one way, the siin will to 
them be setting. 

Tutor. Just so. After which they 
.will be turned away from the sun, 
and consequently it will be night to 
them till they come again to G. Thus, 
by this simple motion of the earth oh 
its axis, every part of it is hf turils 

I S 
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(enlightened and warmed by the cheer- 
ing beams of the sun. 

Charles. Does this motion of the 
earth account also for the apparent 
motion of the fixed stars ? 

Tutor. It is owing to the rotation 
of the earth upon its axis^ that we 
imagine the whole starry firmament 
revolves about the earth in 24 hours. 

James. If the heavens appear to 
turn on an axis^ must there not be 
two points, namely, the extremities 
of that imaginary axis, which always 
Jkeep their position ? 

TiUor. Yes, we must be under- 
stood to except the two celestial poles, 
which are opposite t the poles of the 
earth : consequently each fixed star 
appears to describe a greater or a less 
circle round these, accordit)g as it is 

more or less remote from those celestial 
poles. 
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tharles. Wheii w^ taifi from 
th^t h^tfiisphere in which the suh 
i^ placed we kntnediately gain sight 
of the other in which the st^rs are 
situatisd. 

Tutor. Evety part of the heaveh 
is decorated with these glorious 
bddifes ; So that we tnay utihesitat- 
itigly adopt the exclamation of the 
poet :^-^ 

Night opes the iioble»t seenesi and sfaed» an 

awe 

Which gives those venerable scenes full weighty 

An9 deep reception in th' intender'd heart. 

This gorgeous apparatus ! This displajr 1 

This ostekitatioh of Creative power I 

This theatre I what eye can take it in ? 

By what divine enchantment was it rais'd 

For minds of the first magnitude to launch 

Tn endless speculation, and adore? 

One sun by day, by night ten thousand shine^ 

And Mght us deep into the Deity ; . 

liew boundless in magnifipence and might ! 

Young. 

I 3 
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James. If every part of the hea- 
vens be thus adorned, why do we not 
^ee the stars in the day as well as the 
night ? 

Tutor. Because in the day tim^ 
the sun's rays are so powerful as to 
render those which come from the 
fixed stars invisible. But if you ever 
happen to go down into any very 
deep mine» or coal-pit, where the 
rays of the sun cannot reach the 
. «ye, and it be a clear day, you may, 
by looking up to the heavens, see 
the stars at noon as well as in the 
night. 

Charles. If the earth always re- 
volve on its axis in 24 hours, why 
does the length of the days and 
nights differ in different seasons of 
the year ? 

Tutor. This depends on other 
causes connected with the earth's 
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annual jour-ney round the sun, upon 
which we will converse the next time 
we meet. 
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CONVERSATION IX, 



0/ the Annual Motion of the Earth. 

Tutor. Besides the diurnal 
motion of the earth, by which the 
succession of day and night is pro- 
duced, it has another, called its 
annual motion, which is the journey 
it performs round, the sun in 365 
days, 5 hours, 48 minutes, and 49 
seconds. 

Charles. Are the different seasons 
to b^ accounted for by this motion of 
the earth ? 

Tutor. Yes, it is the cause of the 
different lengths of the days and 
ni|;hts, and consequently of the dit 
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ferent seasons, m. Spring, Summer, 
Autumn, and JVinter, 

It shifts the seasons, months, and days. 

The sbort-liv'd offspring of revolving time j 

By tarns they die, hy turns are born. 

Now cheerful Spring the circle leads 

And strews vrith flowers the smiling meads ; 

Gay Summer next, whom russet robes adorn, 

iVnd waving fields of yellow corn; 

Then Autumn, who with lavish stores the lap of 

Nature spreads i 
Decrepit Winter, laggard in the dance 
(like feeble age oppress*d with pain), 
. A heavy season does maintain. 

With driving snows and winds and rain ; 
Till Spring, recruited to advance^ 
The various year rolls round again. 

HUGH£9« 

«^ ■ ■ ■ • 

James. How is it known that the 
earth makes this annual journey round 
the sun ? 

Tutor. I told you yesterday, that, 
through the shaft of a very deep mine, 
the stars are visible in the day as well 
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ail ialhe night I'hejr are dl^o visible 
in the day time; by mtans af ^ tele- 
scope properly fitted up for the pur- 
pose; by this method) the Stiti and 
stars are riSibte*^ the ^dth^ iiHie. 
Now if the siih be se^n in a line wiih 
a fixed star' to-day at any particular 
hour, it will^ in a feW i^eks^ by the 
Itidtloti t)f the eiarth, fo6 fdtind eoiisi- 
derably to the east of him : and if the 
observations be continued through the 
year, we shall be able to trace him 
round the heavens to the same fixed 
star from which tve set out; conse- 
quently, the sun must have made a 
journey round the earth in that time, 
^i the earth round him^ 

Charits. And the sua faeibg a 
million of times larger than the eartb, 
fwl will say that it is more natural, 
that the smaller body should go 
wwoA the largerv than the revene. 
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ment ; b,Ht it ma;y b? ?^te4 i^o 9 
much stronger manner. T^^ suqf a^^ 
earth mutqaUjr attract one ^pptj^ier, 
954 m^ they a,r§ m cq^^ib^m by 
this fittraction, you know, tUey' Wflr 
men^^ g^iVsV lie equal,* ^her^fo^ tl^f 
eartti being ^h^ sipaJWef j^pdy, m^l^tf 
oi^t by its motiqn wbati |t Xj^f^^s i^ 
the quantity qf i^% ipatte^, 9^^ qf 
coursg^ it. ^ tjjat ^h^ per%fii? the 
journey. 

jQtnes. ^ut if you refer tp tb? 
prinpiple of the. levfr, tq «X{)j^q tM 
^utual attr^ctio^ of the mfi ^n4 
earth, U. i$ evident, t^at both bonify 
must turn round some point 9» 9 9091* 
mqncept^. 

Tutor. Th^y 4?!^ and ^h«| i% \^ 
m^W4t^. ««fltre 0? |?rju% qf t|i» t«9 
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bodies. Now this point between the 
earth and sun is within the surface of 
the latter body. 

Charles. I understand how this is : 
because the centre of gravity between 
any two bodies, will be as mucb 
hearer to the centre of the largeir 
body than to that of the smaller, a& 
the former contains a greater quantity 
of matter than the latter^ 

Tutor. You are right: but you 
will not conclude that, because the 
isun ds a million of times larger 
than the earth, therefore it contains 
a quantity of matter a million of 
limes greater than that contained ia 
the earth. 

James. Is it then known, that the 
fearth is composed of matter more 
dense than that which composes the 
body of the sun ? 

TuUfr^ The earth is composed of 
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matter foiir times denser thad ihat 
Df the sun ; and hence the quantity 
of matter in th^ suii is between two 
and three hundred thousand times 
greater than that which is contained 
in the earth. 

Charles. Then for the momenta 
of these two bodies to be equal, the 
velocity of the earth must be be-^ 
tween two and three hundred thou- 
sand times greater than that of the 
suri; 

Tutor. Just so: and to effect 
this, the centre of gravity between 
the sun and earthy will be as much 
nearer to the centre of the sun than 
it is to the centre of the earth, as the 
former body contains a greater quan- 
tity of matter than the latter: and 
hence it is found to be several thou- 
sand miles within the surface of the 
sun. 

vol.. II. k; 
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«»f 9 yf^r, ««d tfe%| \i\fsy ]^\\^ nm^ 

▼itj, that it must of R^iOQiSfi^ bS 
tlf» «^h wliiph revohres %^^ the 
«|lll, «p(^ 9pt ^ ^n fOi»^ tl^ 

T? aupB@$Q th4t thfB mp n^Y«t rewft# 
the earth is as absurd as to inain.^9 
thst a vil^tonf ^i)I4 be p^^ to 
D9u«4 4 pebtde. 
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CONVERSATION X. 



Of the Seasons. 

TfT^bn. I will mk dhbw fm 
Mow the diffbrent sieAsdftn M« ^^ 
daeed bjr the atitiiial motiob Df tfad 

JdiTi^it Upon what dl^ thejr d«4 
^fid^ sir ? 

7l<»r« The variety of the itea^oTid 
depetids (1) upon the length ef the 
days and nighti^i and (a) tipoii tbi 
pd^itiofl 6f the earth with tei^eet %6 

the fitin. 

Chdrtes. But if the earth turfi 
i^bUfid iti imagiuary amis every S4i 
lioarii ought it not to enjey e^Ml 
days and nights all the year ? 

K % 
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Tutor. This would be the case if 

« 

the axis of the earth N s were perpen- 





dicular to a line c E drawa through 
the centres pf the sun and earth ; .for 
theUi as the sqn always enlightens ouq 
half of the earth by its rays, an4 ^ it 
is day at aiiy giv^n place pn (he globe* 
so long as that place continiie^ in the 
^enlightened hemisphere, ev^ry part, 
except the tyro poles, must, during 
it rotation on its axis, be one half of 
its time in the light and thie pther 
half in darkness : or, in other T^ordis, 
the days and nights wpuld be equal 
^o all the inhabitants of the e^rth, 
excepting to thqse, if any, who live 
atlhepql^s? 



■ Mnti: Why do fbn excfepfc the 
people at the poles ? 

Tutor. Because the view of the 
spec^atdr ntuatfed at the poles K ahd 
s,' mtilt Be Kbuhded by the line e fe ; 
consequfenlly the ^un lo him would 
never appear to rise or set^ but would 
always be in the horizon. 

ChiiHH. If the tknh ^fei-te thus 
situated^ wbiild the Mj^S bf ttie sun 
always fall vertically on the same 
part of it ? 

TuttfTi Thej^ ifr^ould: and that 
part would be E q the equator ; and, 
as we shall presently show, the heat 
excited by the sup being greater or 
less in proportion as its rays come 
more or less perpendicularly upon 
any bodyj the parts of the earth 
about the Equator would be seorched 
up, while those beyond 40 6t 50 
degrees on each side of that line and 

K 3 



the poles, would be desolated by an 
unceasing winter. 



say the sua 
Was bid turn reins from th' equinoctial road 
Up to the Tropic Crab ; thence down amain 
By Leo and the Virgin, and the Scales, 
As deep as Capricorn, to bring in change 
Of seasons to each clime : else bad the spring 
Perpetual smiFd on earth with yernant flowers, 
Eqnqil in days and nights, except to those 
Beyond the polar circles : to them day 
Had unbenighted shone, while the low sun, 
- To recompense his distance, in their sight 
Had rounded still th* horizon. 

Par. Lost, Book x. 1. 679. 

James. In what manner is this 
prevented? 

Tutor. By the axis of the earth 
N s being inclined or sloped about 23 
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degreesf and a half put of the perpen i 
jdiculari as it is described by Milton ; 

He bid his angels turn askance 
The poles of earth twice ten degrees and mora 
. From the son's axle. 

In this case you observe, that all the 
parallel circles, except the equator, 
are divided into two unequal parts, 
having a greater or less portion ot 
their circumferences in the enlight- 
ened than in the dark hemisphere, 
accordine: to their situation with 
respect to N the north, or s the south 
pole. 

Charles. At what season of the 
year is the earth represented in this 
figure ? 

Tutor. At our summer season; 
for you observe that the parallel cir- 
cles in the northern hemisphere have 
their greater parts enlightened^ and 
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tBeit stnaller p^rls in ttife SiAtk. it 
B L represent that circle of latitude 
on the globe in which Great Britain 
is situatedi it is evident that about 
two-thirds of it is in the iight^ and 
only one-third in darkness. 

You will retnember, that piiralkis 
of latitude ate supposed circles dti 
the surface of the e^rth, knA are shoWh 
by real circles on its representative, 
the terrestrial globe, drkwn {)arallel 
to the equator- 

Jarhes. Is that th^ reason why 
out days towards the tniddle of Junb 
are 16 hours long, and the nights but 
S hours. 

Tutor. It is ; and if yoU look to 
the parallel next beyond that mafkcd 
D L, yoii will See a still greater dis- 
•prbportion between the day and 
night, and the parallel more north 
than his ti$ entitely ih the light. 
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Charles. Is it then all day there ? 

Tutor. To the whole space be- 
tween that and the pole it is conti- 
nual day for some time, the dura- 
tion of which is in proportion to its 
vicinity to the pole ; and at the pole 
there is a permanent day-light for 
six months together. 

James. And during that time it 
must I suppose be night to the people 
who live at the south pole ? 

Tutor. Yes ; the figure shows tha^ 
the south pole is in darkness; and 
you may observe, that to the inha- 
bitants living in equal parallels of 
latitude, the one north and the other 
south, the length of the days to the 
one will be always equal to the 
length of the nights to the other* 

Charles. What then shall we say 
to those who live at the equator, and 
consequently who have no latitude ? 
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Tutor. I'd thetrt the Akyk abd 
Aights are dizday^ equal, littd of 
Cburse twelve hours feach th IdiglK; 
And this is Also evident from th^ Jft- 
gur6; for iii every pdsttioti 6f the 
globe one h&lf of thfe equAtor is in 
the light, And thfe olhfei* Hatt fh ddrk- 
ness. 

James, if, then, the length of 
ih^ days ii^ the causfe 6f thb dilferenl 
seasons, there can be no variety itt 
this respect, to those who live at the 
tquatbt ? 

Tutor. You seeni to Ibrgtet thai 
the change in the seasdns d^pend^ 
tjpon the petition of the eatth with 
I'espect td the sun, that is, Updh the 
perpendicularity with which thfe ray^ 
of li^ht fall upon any particulat* part 
of the earth, as Well as upon the 
fcngth of dayg. 

Chnries. indeed I did; but ddfeS 




that make any material difference 
with regard to the heat of the sun ? 

Tutor. It doj^s ji tej;. -^ a represent 
a portion of the ^ 
earth's surface 
on which the 
sun's rays fi|U ? 
perpendicularly ; let B c represent -an 
qfljf^l p$ttMPH on which they £aU olv 
ll^^t^r or aslapti li is» mailifest that 
]| o in, tbe po^tioa oi this figttref, 
tlj^pgt^ H b^ €^^ ta ^ B, f ecei ves but 
Ji^II (^ %tit and heat that a b doesi. 
MoT^^^r^ by the sun's rays QCMning: 
mx^ parpondiculai^y, they come wHik 
yifi^T forof^ aa weU: as. ia greats 
illMnliefs> wk tbe samie place. 
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CONVERSATION XI. 



Of the Seasons. 

TuTOB. If you now take a view 
of the eaHh in its annual course round 
the sun, considering its axis as in- 
clined 234. degrees to a line per* 
pendicular to its orbit^ and keeping, 
through its whole journej, a direction 
parallel to itself, you will find that, 
according as the earth is in different 
parts of its orbit, the rays of the sun 
are presented perpendicularly to the 
equator, and to every point of the 
globe, within 23^ degrees of it both 
north and south. 

This figure represents the earth in 
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four different parts of its orbit, or as 
it is situated with respect to the sun in 
the months of March, June, Septem- 
ber, and December, 

T 

Charles. The earth's orbit is not 
made circular in the figure. 

Tutor. .No; but the orbit itself 
is nearly circular : we are, however, 
supposed to view it from the side B D, 
and therefore, though almost a cii'-i 
cle, it appears to be long ellipse. 

VOL. II. I^ 



All circles appear elliptical in an 
oblique ytew, a9 is evident by look- 
ing obliqudy 9t the rim of a b^son 
at som0 distance from you. For tbe 
ifue figure of a circle can only be 
seen when the eye is directly over its 
ceqtf^ You observe that the- sun is 
not in the centre* 

Ja/nes. I do ; and it appears nearer 
to the ea^. in the winter than in the 
summer. 

Tutor. We are indeed more than 
three * millions of miles nearer to the 
sun in December than we are in 
June. 

Charles, . Is this possible^ when 
our winter is 30 much colder than 
the summer ? 

Tutor. Notwithstanding this, it 
is a well known fact : for it is as- 
certained that our summer, that is, 
the time t]bat passes betweeid the 
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vernal and autumnal equiddxes, is 
neariy eight days loftger thati put 
winter, of the tiinfe between the iiu- 
tumnai and vernal equindXes. Coff- 
sequently the motion of the earth is 
slower in the former case than iti th6 
latter, and therefore, as W6 shall ^e^ 
it niust be at a greater distance from 
the sun. Agdn, the sun's apparent 
diameter is greater in our winter thab 
in summer ; but the appa)*ent diame- 
ter of any object increases in propoiv 
tion as oiir distance from the object 
is diminished, and therefore we coiiH 
elude, that we are nearer the sun ih 
winter than in summer. The sun's 
apparent diameter on January 1st, Is 
32'. 35'^; on July 1st, sr. 3(K- 

James. But if the earth is farther 
from the sun in summer than in 
winter, why are our winters so much 
colder than our siinidtiers ? 

J.2 
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. Tutor. ' Because first, in the sum- 
mer, the sun rises to a much greater 
height above our horizon, and there- 
fore, its rays coming more perpen- 
dicularly, a greater number of them, 
as I showed you yesterday, must 
fall upon the surface of the earth, and 
they come also with greater force; 
which are the principal causes of our 
^eat summer's heat. Secondly, in 
die summer, the days are very long, 
and the nights short; therefore the 
earth and air are heated by the sun 
in the day more than they are cooled 
in the night. 

James. Why have we not, then, 
the greatest heat at the time when 
the days are longest ? 

Tutor. The hottest season of the 
year is certainly a month or two 
after this, which may be thus ac- 
counted for^ A body once heated 
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does not becptne cold again iiistan- 
taneously, but gradually; iiotr, as' 
long as more heat comes from the 
sun in the day than is lost in thel^ 
night, the heat of the ealth and air 
will be daily increasing, and this 
will evidently be the case for some' 
weeks after the longest day, both 
on account of the number of rays 
which fall on a given space, and also 
from the perpendicular direction of 
those rays. 

James. Will you now explain to 
us in what manner the seasons are 
produced ? 

Tutor. By referring to thfe last 
figure you will observe, that in the 
month of June, the iiorth pole of the 
earth Inclines towards the sun, and 
consequently brings all the northern 
parts of the globe more into light 
than at any other time ia tbe yeat.- 

l3 
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, Charles.' Then to the people in., 
those parts it is summer ? . 

, Tutor. It is : but in December, 
\vhen the earth is in the opposite 
part of its orbit, the north-pole de- 
clines from the sun, which occasions 
the northern places to be more in the 
dark than in the light; and the re- 
verse at the southern places. 

James. Is it then summer to the 
inhabitants of the southern hemi- 
sphere ? 

^ Tutor. Yes, it is ; and winter to 
us. In the months of Mai*ch and 
September, the axis of the earth 
does not incline to, or decline from 
the sun, but is perpendicular to a 
line drawn from its centre. And 
then the poles are in the boundary 
of light and darkness, and the sun 
being directly vertical to, or over the 
equator, makes equal day and night 
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at all places. . Now trace the annual 
motion of the earth in its orbit 
for yourself^ as it is represented in 
the figure. ' 

Charles. I will, sir; about the 
gOth of March the earth is in Libra, 
and consequently to its inhabitants 
the sun will appear in Aries, and be 
vertical to the equator. 

Tutor. Then the equator and all 
its parallels are equally divided be- 
tween the light and dark* 
'. Charles. Consequently the days 
and nights are equal all over the 
world. As the earth pursues its 
journey from March to June, its 
northern hemisphere comes more into 
light, and on the 21st of that month, 
the sun is vertical to the tropic of 
Cancer. 

Tutor. You then, observe, that 
all the circles parallel to the equator 
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are unequally (Hyided; those, in the 
northern half, have their greater 
portions in the lights and those in 
the southern half, have their larger 
portions in darkness. 

Charles. Yes ; and, of course, it 
is summer to the inhabitants of the 
northern hemisphere, and winter to 
the southern. 

I now trace it to September, when 
I find the sun vertical again to the 
equator, and, of course, the days 
and nights are again equal. And 
following the earth in its journey to 
December, or when it has arrived at 
Cancer, the sun appears in Capri* 
corn, and is vertical to that part of 
the earth called the tropic of Capri- 
corn, and now the southern pole is 
enlightened, and all the circles on 
that hemisphere have their larger 
parts* in light, and, of course, it is 
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summer to those parts, and winter to 
us in the northern hemisphere. 

Tutor. Can you, James, naw tell 
me why the days lengthen and shorten 
from the equator to the polar circles 
every year ? 

James. I will try to explain my- 
self on the subject. Because the sun 
in March is vertical to the equatgr, 
and from that time to the 21st of 
June it becomes vertical successively 
to all other parts of the earth be- 
tween the equator and the tropic of 
Cancer; and in proportion as it be- 
comes vertical to the more northern 
parts of the earthy it declines from 
the southern, and, consequently, to 
the former the days lengthen, and to 
the latter they shorten. From June 
to September the sun is again vertical 
successively to all the same parts of 
the earth, but in a reverse order, 
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Charles. Since it is summer to all 
those parts of the earth where the 
sun is vefrtical, and wq find that the 
sun is vertical twice in the year to the 
equator, and every part of the globe 
between the equator and tropic^, 
there must be also two summers in a 
year to all those places. 

Tutor. There are; and in those 
parts near the equator they have two 
harvests every year. — But let your 
brother finish his description. 

James. From September to De- 
cember, it is successively vertical to 
all the parts of the earth situated bd* 
tween the equator and the tropic of 
Capricorn, which is also the cause of 
the lengthening of the days in the 
southern hemisphere, and of their 
becoming shorter in the northern. 

Tutor. Can you, Charles, tell me 
why there is sometimes no day op 



night for some little time tpgether 
within the polar circles ? ^ 

Charles^ The sun always shines 
upon the earth 90 degrees every 
way, and when he is vertical to the 
tropic of Cancer, which is S34- de« 
grees north of the equator, he must 
shine the same number of degrees 
beyond the pole, or to the polar 
circle, and while he thus shines 
there can be no night to the people 
within that polar circle, ^nd, of 
course, to the inhabitants at the 
southern polar circle there can be no 
4ay at the same time; for as the 
3UQ*s rays reach but 90 degrees every 
way, they cannot shin^ far enough to 
reach them. 

. Tutor. Tell me, now, why there 
is but one day and night in the whole 
year at the poles ? 

Charksr F^nt tl^ tgsma wluch I 
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have just given, the sun must shine 
beyond the north pole all the time 
he is vertical to those parts of the 
earth situated between the equator 
and the tropic of Cancer, that is, 
from Mai'ch the 21st to September 
the 20th, during which time there 
can be no night at the north pole, 
nor any day at the south pole. The 
reverse of this may be applied to the 
southern pole. 

Jnmes. I understand now, that 
the lengthening and shortehing of the 
days, and different seasons^ are pro- 
duced by the annual motion of the 
earth round the sun ; the axis of the 
earth, in all parts of its orbit, being 
kept parallel to itself. 

Tutor. Yes, you appear to see the 
reason very distinctly, why the days 
lengthen and shorten from the equator 
to the polar circles every year— why 
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there is sometimes no day or night 
for some time together within th« 
polar circles — why there is but one 
day and one night in the whole year 
at the poles — and why the days and 
nights are equally long all the year 
round at the equator. 

Charles. But if the axis of the 
earth is thus parallel to itself, how 
can it in all positions point to the pole- 
star in the heavens ? 

Tutor. Because the diameter of 
the earth's orbit AC is as nothing in 
comparison with the distance of the 
earth from the fixed stars. Suppose 
you draw two parallel lines, at the 
distance of three or four yards from 
one another, will they not both point 
to the moon when she is in the 
horizon ? 

James. Three or four yards can- 
not be accounted as any thing, in 

VOL, XI. M 
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compariso^ of 240 thousand miks^ the 
distance of the moon from us, 

Tutor. Perhaps three yards bear 
9 much gi^eater proportion to ^40 
thousand miles, than 190 millions of 

miles bear to our distance fron^ the 

•» 

polar star. 
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CONVERSATION XII. 



Of the Equation of Time. 

Tctor: You are now, I pre- 
Bunre, acquainted with the tnotions 
peculiar to this ^obe on which wfe 
Kve? 

Charles. Yes ! it has first a rota- 
tion on its axis from wei^ to east 
every 24 houri^, by which day and 
night are produced^, and also the ap« 
parent diurnal motion of the heavens 
from east td west. 

Jafnes. The other h its atmual 
revolution in an orbit round the sun^ 
likewise from west to east^ at the 
distance of about 95 millions of miles 
from the sun. 

H2 
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Tutor. You understand^ also, in 
what manner this annual motion of 
the earth, combined with the incli- 
nation of its axis, is the cause of the 
variety of seasons.* 

We will therefore proceed to inves- 
tigate another curious subject, mz. 
the equation of time, and to explain 
to you the diflference between equal 
or mcan^ and apparent time. 

Charles. Will you tell us what you 
mean by the words equal and appa-- 
rent, as applied to time ? 

Tutor. Equal' or mean time is 

* The inclination of an axis or orbit is merely 
relative, because we compare it with some other 
axis or orbii which is supposed to have no incli- 
nation. Thus the horizon at London, or at any 
other place where we Vive, being level to us, we 
r^ard it as having no inclination ; but if we set 
oBt and travel 90 degrees from that place, our 
horizon then will be perpendicular to the horizoa 
of London. 
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measured by a clock, that is supposed 
to go without any variation , and to 
measure exactly 24 hours from noon 
to noon. And apparent time is mea- 
sured by the apparent motion of the 
sun in the heavens, or by a good sun- 
dial. 

Charles. And wh&t do you mean, 
sir, by the equation of time ? 

Tutor. It is the adjustment of 
the difference of time, as shown by 
a well-regulated clock and a true 
sun-dial. 

James. Upon what does this dif- 
ference depend ? 

Tutor. It depends, j^r^/, upon the 
inclination of the earth's axis ; and, 
secondly, upon the elliptic form of the 
earth's orbit : for, as we have already 
seen, the earth's orbit being an ellipse, 
its motion ijs quicker when it is in 
perihelion^ or nearest to the sun ; 

Ma 
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and slower when it is in aphelion^ or 
farthest from the sun. 

Charles. But I do not yet com- 
prehend what the rotation of the earth 
has to do with the going of a clock or 
watch. 

Tutor. The rotation of the earth 
is the most equable and uniform 
motion in nature, and is completed in 
23 hours/56 minutes, aod 4 seconds : 
this space of time is called a sidereal 
day, because any meridian on the 
earth will revolve from a fixed star to 
that star again in this time. But a 
solar or natural day, which our clocks 
are intended to measure, is the time 
which any meridian on the earth will 
take in revolving from the sun to the 
sun again, which is about 24 hours^ 
sometimes a little more, but oftener 
less. 

James. What occasions this dif- 
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ference between the solar and sidereal 
day? 

Tutor. The distance of the fixed 
stars is so great, that the diameter of 
the earth's orbit, though 190 millions 
of miles, when compared with it, is 
but a point, and therefore any meri- 
dian on the earth' will revolve from a 
fixed star to that star again in exactly 
the' same time, as if the earth had 
only a diurnal motion, and remained 
always in the same part of its orbit. 
But with respect to the sun, as the 
earth advances almost a degree east- 
ward in its orbit, in the same time 
that it turns eastward round its axis, 
it must make more than a complete 
rotation before it can come into the 
same position with the sun that it 
had the day before. In the same 
way, as when both the hands of a 
watch or clock set off together at 
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twelve o'clock, the minute-hand must 
travel more than a whole circle before 
it will overtake the hour-hand, that 
is, before they will be in the same 
relative position again. Thus the 
Sidereal days are shorter than the 
solar ones by about four minutes, as 
is evident from observation : — 

Watch with nice eye the eartli's diurnal way. 
Marking her solar and sidereal day ; 
Her slow nutation, and her varying clime, 
And trace with mimic art the march of time. 

BOTAVICAL GARDEN. 

Charles. Still I do not understand 
the reason why the clocks and dials 
do not agree. 

Tutor. A good clock is intended 
to measure that equable and unifortn 
time which the rotation of the earth 
on its axis exhibits ; whereas the dial 
measures time by the appdrent mo- 
tion of the siin. Which, a^ we haVe 
explained, is subject to variation. Or 
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thus : though the earth's motion on 
its axis be perfectly uniform, and 
consequently the rotation of the equa^^ 
tor^ the plane of which is perpendi- 
cular to the axis, or of any other 
circle parallel to it, be likewise equa- 
ble, yet we measure the length of 
the natural day by means of the sun, 
whose apparent annual motion is not 
in the equator, . or any of its parallels, 
but in the ecliptic, which is oblique 
to it. 

James. Do you mean^ by this, that 
the equator of the earth, in its annual 
journey, is not always directed towards 
the centre of the sun ? 

Tutor. I do: twice only in the 
year, a line drawn from the centre 
of the sun to that of the earth passes 
through those points where . the equa- 
tor and ecliptic cross one another; 
at all other times, it passes through 
some other pal*t of that oblique circle^ 
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which is represented on the globe bjr 
the ecliptic line. Now when it passes 
through the equator or the tPO|}ics» 
which are circles parallel to the tcpm" 
tor, the sun and clocks go together, 
as fer as regards this cause; but at 
other times they differ, beca'use equal 
portions of the ecliptic pass over the 
meridian in unequal parts of time on 
account of its obliquity. 

Charles. Cati you explain this by 
a figure? 

Tutor. It is easily shown by the 
globe, which this figure 7^ N £i s 
may represent ; 
T =^ will be the 
equator, y 05 
:C^ the northern r[ 
half of the eclip- 
tic, and T yy 
^ the southern 
half. Make chalk or pencil marks a. 
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i, c, «t ^ /» ^r *» ^^ ^wnd the 
equator and ecliptic^ at equal distances 
(suppose 20 degrees) from each other, 
beginning at Aries. Now by turning 
the globe on its axis, you will perceive 
that all the marks in the first quadrant 
of the ecliptic, that is, from Aries tp 
Cancer, come sooner to the brazen 
meridian than their corresponding 
marks on the equator ;^^ihose from 
the beginning of Cancer to libra come 
later ;-^those from Libra to Capricorn 
sooner :--^-and those from Capricorn to 
Aries later. 

Now time as measured by the sun*, 
dial is represented by the marks on 
the ecliptic ; that measured by a good 
clock, by those on the equator* 

Charles. Then while the sun is in 
the first and third quarters, or, what is 
ihe same things while the earth is tra- 
f dfiog tbsough the seoond and fourth 
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quarters, that is, from Cancer to Librd, 
and from Capricorn to Aries, the suit 
is faster than the clocks, and while it 
is travelling the other two quarters it 
is slower. 

Tutor. Just so : because, while th6 
earth is travelling through the second 
and fourth quadrants, equal portions of 
the ecliptic come sooner to the meri- 
dian than their corresponding parts of 
the equator: and during its journey 
through the first and third quadrants, 
the equal parts of the ecliptic arrive 
later at the meridian than their cor- 
responding parts of the equator. 

James. If I underetand what you 
have been saying, the dial and clocks 
ought to agree at the equinoxes, that 
is, on the 20th of March, and the 
23d of September ; but if I refer to 
the Ephemeris, I find that on the 
former day [1822) the clock is almost 
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8 minutes before the sun ; and on the 
latter day the clock is almost 8 mi- 
nutes behind the sun. 

Tutor. If this difference between 
time measured by the dial and clock 
depended only on the inclination of 
the earth's axis to the plane of itsr 
orbit, the clocks and dial ought to be 
together at the equinoxes, and also 
on the 21st of June and the 21st of 
December, that is, at the summer and 
winter solstices; because, on those 
days, the apparent revolution of the 
sun is parallel to the equator. But I 
told you there was another cause why 
this difference subsisted. 

Charles. You did : and that was 
the elliptic form of the earth's orbit. • 

Tutor. If the earth's motion in 
its orbit were uniform, which it 
would be if the orbit were circular, 
then the whole difference between 

VOL. II. N 
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equal tioie as shown by the clock* 
and app(fr€nt time as shown by the 
sun, would arise from the inclination 
of the earth's axis. But this is not 
the case, fcx: the earth travels, when 
it is nearest the syn — thfit is^ in the 
winter^ mpre tbap a degree in 2^ 
hourny and when it is farthest from 
the si^n^ that is, in summer, less than 
a degree in the same time: conse- 
quently from this cause the natural 
day would be of the greatest length 
when the earth was nearest the sun, 
for it must continue turning the 
longest time after an entire rotaticm, 
in order to bring the meridian of 
^y place -to the sun again.; and the 
shortest day would be when the earth 
moves the slowest in her orbit Now 
these inequalities,, combined with 
those arising from the inclination of 
the earUi'a axis^ oiiike up that difieiw 
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ence which is shown by the equation 
table, found in the Ephemeris, be- 
tween good clocks and tni6 sun-dials. 
There is another cause arising from 
what astronomers call the equation of 
precession in right ascension j but its 
effects are very small, and the expIi-« 
cation is too intricate to be introduced 
now. 



N2 
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CONVERSATION XIII. 



« _ 

Of Leap'Year^ aud the Old and 

New Styles. - 

James. Before we quit the sub- 
ject of time, will you give us some 
account of what is called in our 
Almanacs Leap-year? 

Tutor. I will. The length of our 
year is, as you know, measured by 
the time which the earth takes in 
performing her journey round the 
sun, in the same manner as the 
length of the day is measured by its 
rotation on its axis. Now, to com- 
pute the exact time taken by the 
earth in its annual journey, was a 
work of considerable difficulty. Julius 
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Csesar wns the first person who seems 
to have attained to any accuracy on 
this Subject. 

Charles. Do you mean the first ^ 
Roman em^ror, who landed also in . 
Great Britain ? 

Tutor. I do. He was not less 
celebrated as a man of science, than 
he was renowned as a general : (tf 
him it was said. 

Amidst the hurry of tamaltuous wt^'y 

The stars* the gods, the heavens were still his 

care, 
Nor did his skill to fix the rolling year 
Inferior to Budoxus' art appear. 

_ _ « • 

Julius Caesar, who was well acquainted 
with the learning of the Egyptians, 
assumed the length of the year to be 
365 days and 6 hours, which made it 
6 hours longer than the Egyptian 
year. Now, in order to allow for. the 
odd 6 hours in each year, he iritro- 

N 3 
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duced an additional day every fourth 
year, which accordingly consists of 
366 days, and is called Leap-Year^ 
while the other three have only 365 
days each. . From him it was denomi- 
nated the Julian yean 

James. It is also called Bissextile 
in the Almanacs; what does that 
mean? 

Tutor. The Romans inserted the 
intercalary day between the SI3d and 
24th of February : and because the 
23d of February, in their calendar, 
was called sea^to calendas Martii, the 
6th of the calends of March, the in- 
tercalated day was called bis sexto 
calendas Martii, the second sixth of 
the calends of March, and hence the 
year of intercalation had the apella- 
tion of Bissextile. This day was 
chosen at Rome, on account of tHe 
expulsion of Tarquin from the throne^ 
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which happened on the 2Sd of Fe- 
bruary. We introduce, in Leap- Year, 
a new day in the same months namely, 
the 29th. 

Charles. Is there any rule for 
knowing what year is Leap- Year ? . 

Tutor. It is known by dividing 
the date of the year by. 4, if there be 
no ren^ainder,. it is Leap-Year ; thus 
] 823 divided by,4^. leaves a remainder 
of 3, showing that it is* tha third year 
after Leap- Year. These two lines 
contain the rule t*— 

: Divide by 4 ; ^bat*s left, afiill be 
For Leap-Year 0}. for past 1, 9£3« 

••w 
* 

James. The year, however; does 
not consist of 365 days and 6 hours, 
but of 365 days, 5 hours, 48 minutes, 
and 49 seconds.* Will not this occa- 
sion some error ? 

* See Conversatign IXt' 
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Tutor. It'wiU : and by substractingf 
the latter number from the former, 
you will find that the error amounts 
to 11 minutes and 11 seconds ever^ 
year, or to a whole day in about l30 
years : notwithstatidihg this, the Ju- 
lian year continued to be in general 
use till the year 1582, when Pope 
Gregory XIIT. undertook to rectify 
the error, tehich, at that time a- 
mounted to ten days. He accord- 
ingly cOfnmanded the ten days be- 
tween the 4th and 15th of October in 
that year to be suppressed^ so that the 
Sth day^of that month was called the 
15th. Thi^ alteration took place 
through the greater part of Europe, 
and the year was afterwards called 
the Gregorian year, or New Style. 
In this country, the method of reck- 
oning, according to the New Style, 

was not admitted into our calendars 
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until the year 1752, when the error 
amounted to nearly 11 days, which 
wore taken from the month of Sep* 
tember, by calling the 3d of that 
month the 14th. 

. Charles. By what means will this 
accuracy be niaintained ? 

Tutor. ^ The error amounting to one 
.whole dayin^ about 130 years, it is 
settled by an: act of parliament, that 
the year. 1800 and the year 1.900, 
whichjare, according to the rule just 
.givep,-Leap7 Years, shall be computed 
as common years, having only 365 
days in each : and that every four 
hundredth year afterwards shall be a 
common year also. If JhiS:method 
be adhered, to, the present mode of 
reckoning will not vary a single day 
from true time, in less than 5000 
years. 

By the same act of parliament, the 
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Ug$t\ begitming of thc^ year wa^ 
diftnged from the S5th (^ March to 
the lat of January, So that the suc- 
ceeding months of Janbary, Febru- 
ary, and March, up to the 24th day; 
which ivould, by the Old Style, have 
been reckoned part of the year 175S^ 
were accounted as the first three 
itionths 6f th^ year 1739. itencfe 
We -sometitHes see i^uch a date as thi^^ 
t'eh. 10, 1774-d, fhat isi accOTdin^ 
to the Old Style it was 1774, but ad^ 
cording td the New it is 1775, bd- 
cause now the year beginsr in January 
Instead of March. 

The Old Style still prevails in 
Bussia: biit in every other part of 
Eurdpci it is HoW abolished. 
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CONVERSATION XIV. 



Of tfie Moon. 

TffTOBp You are now,. getHle- 
^eoj acquainted with the reaspQfK 
£br the diyi^on of time ii^to d^ys aod 
years. 

C harks. These diiirisipns h^ve 
jtheir . foiindatioii in D/siturej the for^ 
$fier depending upon the rot^tipii of 
the eartliQn its axis; the fatter njpoa 
its revolution in an elliptic orbit 
about the sun as a centre of motion. 

James. Is there any natural rea- 
son for the division oC years into 
weeks, or of days intQ honrs, niniites» 
and seconds? 
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.Tutor. The first of these divi- 
sions was introduced by Divine au- 
thority; the second class was in- 
vented for the convenience of man- 
kind. There is, however, another 
division of time marked out by na-i 
ture. ^ 

Charles. What is that, sir ? 

Tutor. The length of^the rn^th : 

not indeed that month which consists 

of four weeks, nor that by which 

the jenx ^ divided into 1 2 parts. 

These ai^*oth arbitrary.' But by a 

month was originiilly' meant the time 

which the moon takes in performing 

her journey round the ea ri fti st^'' * 
: .; •) : ■ ,■_.—'* ■■ "'^ " : • i 
Thefa''ti|||Mi|||imiome^ with keener eyes 
The inooi/s refulgent journey through the skies. 

Darwin. 

James. How many days does the 
moon take for this purpose ? 
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Tutor. If you rfefer to the time ih 
which the nlooo revolves ^ from tme 
point of the heavens to the same poiift 
again, it consists of 27 days*, 7 hdurs, 
and 43 minutes ; this is called 'the 
periodical month : but if you refer^ to 
the time' passed from new 'moon tb 
new moon again, the month consists 
of S9 days, 12 hours, and 44' mi- 
nutes; this^ is csWedi thsi*synodictil 
month. '* . ^ 

Charies. Pray explain the reason 
of this difference. '' y r- 

Tutor. It is ocd^ioned by the 
eairth^s annual motion in its. orl^k. 
Let us refer to our watch as ap eit* 
ample. The two hauds^ are together 
at 12 o'clock; now, when the mi- 
nute-hand has made a coD^lete revo* 
lution, are they together again ? 

is w^esok^ the twelfth part Df its 
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,l»liol«M(!ii (Wbieb, in oi^er .^ the 
,^ef mfky. overtake,, it mu9t travel 
^re niim^e^ more than the hour* 

Ti4tw^ And aomeUung morei for 
.this hpMrrhind does^ ;ipt wait« at the 
J^&^ h :Utt the other comep u{^ ; and 
t|iqrefi)^ they wiU not be togeth^ 
^ bet^;«eii 4 99d 6 minu^ i)fl^ 

. M^y^ «W}y .*bi* M ,th|B garth an^ 
moon; suppose a 
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sltioti of tW moOta : If' ihe lif^ ihi&d 
no motion, tfi6 tiiooti ^atii infot^ 
round its orbit itt c into the j[)i6sitK)n 
K again, fii 27 days, f hbars,* irfK 
minutes; but whild the tnobti is de^' 
scribing her journey, the eartft hii^ 
passed through nearly a twelfth part 
of it9 orbit. Which the moon tntfst 
also describe before the two hbdiis 
come again into the same position 
t)iat they before held wiiH i^pebtf td^ 
the sun : this takes up so much tliOfli' 
time as to make her syriodicat itlOMh 
^qual to 2d days, 12 hours, and 41^ 
minutes : heuce the foundation of ttiit 
division of time ihtd months. - 

We will now proceed td descitte 
^me other particuftnrs relating to tbef 
<noon, as a body depehding, like i9i# 
«artb, on the sun for her light iM 
heat. * ! 

o 8 
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* • . 

' Charles* -Does Hie moon shine 
Vith a iwrrowed light paly ? 

f. Tutor. TJiis is qerfiaia ; for other-^ 
Vfise, if, like the sun, she were a lu- 
minous bodv, she would always shine, 
with a full orhas the sun does ;-— 

m 

( «*— Ltts bright the mpon, 

;: Bot opposite, in levelfd west was set. 
Hit nitiTor, v^th fall face borrooing, her light 
' From him'i for other light she needed none. 

I • ^ • • • 

^er diameter is nearly 2i00 miles ia 

kngth. 

^ Jamfis* And I remember she is at 
the distance of 340,000 mil^s from 
the earth. 

Tutor. The sun s* (in the last fig;) 
always enlightens one half of the ;noon 
X,' and. its whole eh%htened hemis* 
phere» or a part of it, or none at all^ is 
seen by us according to. her different, 
positions in the orbit with respect ta 



«M nrw I iw 0HJI moM |mi8 011 w& 
colightcned hidtf of tfte ineQii «e. trisiit 
Ue.at T whi^ we.oitQff bjTf mA ocr 
within the orbit 

Jtfm«f* Then wbro tije imxni]k.at 
X» nopiMof its ei^jg^Oened iido .i» 
visible, to the earth. . 

Tutor* You axe right ; it i# ilen 
new Aooiiy or cfuu^ ; for it id vnal 
to call it new moon the first day it ia 
visible td the earth« which is not tiH 
the sdcond dajr. lifter tiie chatqgei 
And the moon, beingi in a line be^ 
tween the sun and aaltb^ thirf aw 
toid to be in conjunction* 
' Charles. And at a all the Mluaif^ 
sated iienit^ihcre is tum^ tt the' 
eartli* 

T^itor. This ia called ^// mddn^ 
and the eiarth being betweeilH iOi^ kiitf 
and moon» they are said to b^ hf -6/0 
pmdim^.j^lmomlifik^tii&tii§m 

99 



tbeiMtle %umi dn the ootsiite of Che 
^ibit, represent 'tfie appearance of the 
BdooB as s^n.by at spectator on the 
eartb« . 

. James. Is the little figure Uien 
(^)p6site ^ K whqlly dark to .show that 
the moon is invisible Btckdngef 

. T\itorJ It is : and when it is. at F 
a sinaU part of .the illununated hemi* 
sphere is within the moon's orbits and 
therefore to a spectator tm the earth 
it : apptars ^ homed ; at G ime ' half of 
the enlightened hemisphere is visible^ 
and it is said to be in ^quadratwre : 
at H three-fourths of the enlightened 
part is visible to thci eftrth,* and it is 
^$^ said to b^ gibbons: and at a the 
whole enlightened face of the moon 
is turned to the earth, and it is said 
to be fuU. - Th4 saine may. be said 
of (he:i^t« : . * , 

i }T^^||orti9^<^Aie«io(io, befoM ciKm« 

in 
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jundiim ost new mwn^ are tvroed to 
the tost : after conjiiDction they are 
tum^ fcp the west. How beautifully 
i3 the moon described by Milton :-^ 

T ill the moon, 
'' Rhing in clouded majesty, at length, 
Apparent Queen, onveird her peerless iiKht, 
And o'er the dark her silver mantle threw. 

Book iv. line 606. 

" • • • • 

. . Charles^ I see the figure is in« 
t^n^d to ri)ow that the moon's orbit 
is eUiptical : does she also turn upon 
her axis ? 

; Tutor. She does; and she requires 
the same time for her diurnal rotation 
as she takes in completing her revo* 
lution about the earth ; and conse- 
quentlyy though . every part of the 
moon is successively presented to the 
sun, yet the same heniisphere is al- 
ways turned to the earth. TMs is 
knpwn by observatroQ with goo4 te« 
Ifscopes. . : 



dttd iiigtit in the trtomi k €cfiidl ' 40^ 
ilioi^ than 29 ^7S'itfHl a hatf o^ otmi 
Ttt^on It is so: and therefo*^ at 
the length of her year, which is oiear 
sured by. her journey round thc^ M|d» 
is ecfiial to that of oers^she ean fasve 
but about twelve ddj^s and otie-thurd 
in a year. Another remarkable cir- 
cumstance rdating to the moiM is^ 
that the hemisphere natt the eaffh U 
nerer in darkness t for in|the position 
£, wh^i it is turned from tlie suA, ifr 
is itiuminated hy light reflected from 
the earth, in the same manner as vins 
are enlightened by a fiiH moon. But 
the o^er hemisphere of the moon bar 

a fortnight's fight and darkness bjr 
turns. 

Charlei. Can the earth, tlN»)^ hH 
considered as a satellite to the mota ? 

Tuton ItwMld^ pcdiaps^ be'i»^ 
accurate to denominate the*«l|f|«i^ 
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UfAy a MtdBte to the smaUer: biit» 
with' T^tgard to -affording reflected 
Ughjt^ the earth is to the moon what 
tiie xnoop ifi to the earth, and su^jecC 
to the same changes of horned^ gib* 
txms, full^ &c. 

Charles. But it must appear much 
Urger than the mocm. 
, Tutor. The earth will appear, to 
the^ inhabitante of the moon, about 
IS times as large as the moon appears 
to us. When it is new moon to us, it 
i&fuU earth to them, and the reverse. 
: James. Is the moon th^n inha* 
bited as well as the earUi ? 

Tutor. Though we eannot demon-^ 
stimte this feurt, yet there are many 
reasons to induce us to believe it ; for 
the moon is a secondary- plapet of 
considerable size;-— its surface is di- 
versified like that of the earth with 
mouutaios and valleys;— the forip^ 
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have been tneastirbd by l>ri Hrfscbel, 
and some of them found to be about 
a mile in height. The sittiation . of 
the moon» with respect to the sun, is^ 
mudi like that of the earth, and by 
rotation on her axis, and a small' in- 
clination on that axis to the [dane of 
her orbit, she enjoys, though not a 
Considerable^ yet an Agreeable VMifety 
of day and night and of seatons. Ta 
the moon, our globe appears a capitaf 
satellite, undergoing the same changes 
of illumination as the moon does to 
the earth. The sun and stars rise and 
set there as they do here, and heavy 
bodies will fall on the moon as they 
do on the earth. Hence we are led 
to conclude that, like the earth, the 
moon also is inhabited. Dr. Herschd 
discovered some years ago three vol- 
canoes, all burning in the tfioon ; 
two of i^^ appeared tdhfm nearly 



extinetf but the tkird i^wed an ac* 
tual eruption of fire or luminous mat- 
ter. He thought the eruption re- 
sembled' a small piece of burning 
charcoal when it is covered by a thin 
coat of white ashes, which frequently 
adhere to it^ when it haii^ been ignited 
some time. But no large seas or 
tracts vof.ivat^er have been d^mnreil in 
tb^ m99i» ^^ AS 4^ Q&ifitoM? of n 
.iw«f atmpsjjh?^ .certain. Tlipre- 
^orc^ Ijer inhf^tunts la^ ipiat^fially 
^dilTe^r |pom t^qse :wJhp ikie upon the 

* * • s m » ' 
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CONVERSATION XV. 



0/ Eclipses. 

t ' • ft w 

• CBJtBLSSf. Will you, sir, explain 
to us the nature and causes of edip^es ? 
' Tutor. I will, with great pleasure. 
You must observe, then, that eclipses 
depend upon this simple {principle, 
that all opaque or dark bodies, when 
exposed to any light, and therefore 
to the light of the sun, cast a sha- 
dow behind them in an opposite 
diiection. 

James. The earth being a body 
of this kind, must cast a very large 
shadow on its side which is opposite 
to the sun. 
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Tutor. It^ues* ^nd 
an eclipse of the moon 
happens wheti the eisirth 
T passes faeeween the 
sun s and the moon M, 
and it is oocasioned by 
the earth's shadow be- 
ing cast on the moon. ' 

Charks. When does 
this happen?' 

Tutor. It is only 

when the moon is fuH, or in opposition^ 
that it comes within the shadow oZ 
the earth. ; : i 

James. Eclipses of the moon, how- 
ever, do not happen every time it isr 
fiill: what is the reason of this? 

^tkitor. ' Because the orbit of tM 
nloon does not coincide with the 
piane of the earth's brliit; 'but emit 
half 6f * if is debated afibut tve ^* 
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grees. rad t^ thirds dBove it^'-^di^ the 
other half i» as much bel6v|r it : and 
tfaesefcon unless the full^ moofl hap« 
pe« iOi or near one of the nodesi' that 
|St W car DMr the pokits in which tljle 
two orbits intersect each other^ she 
wi|i pasa above, or below the shadow 
of the earthi in which case there caii 
be no. odipse. 

Charles. What is^ the greatest 
diatancff fr^m the node, at which an 
eclipse of the: moon can happen ? 

Tutor. There can be no edipse,. 
if the moon, at the time when she 
is fuUy ,bp more^ than 12' degrees from 
tlie nodei when she is within that 
distance, tji^re. will be a parthlot^ 
t0al eclipse, according aa a part,* s or 
thev whol^ disk or faoe of the n^pon 
ffdis within the earth's shadow. . If 
tlie. Qc^psQ , hajipf n ^ exa^lj; when^ the - 



saM» 10 IbD k the iiode» it ^ dAed » 
central edyise», 

James. I suppose tiie duMHon df 
the «dipie lasts ril the time fliat 
the noon is passing through iki 
shadow. 

Tutor. It does : find you dbserve 
that the shadow is considerilbly wid^t 
than the iqpon*s ^ameter, and there- 
fere «n. eclipse of the moon lastfc 
vometimeft three or four hottrs. Tlie 
shadow also yon perceive is tf a coni^ 
cal shape^ and consequently, as the 
moon's orbit is an ellipse and not a 
circle, the moon wil^ at different 
times> be ecKpsed when fdie is at dif*^ 
ferent distances from the earth. 

Charles. And according as th^ 
noon is nearer toi^ or farther flrom the 
earth, the eclipse will be of a greater 
or less dmatioQ : fw the rikadow beii^ 



Qp«k»l litatiQei kw aad:lei% nthe 
distaa^je from the boAjr by which it 
i» oi st is greater. 

Tutor. It is by knowiDg exactly 
at what distanoe the moon is from 
the earth, and of course the width 
of the garth's shadbw at that ilis- 
tmiDe, th«t all edipises are calculated 
with considerable acciiracy, for many 
years l^fore th^y happen. . Now it is 
fofuid^ that, in all eclipses, the shadow 
cf the ewth is conical^ which is a 
demonstration, that the body by whidi 
it is projected is of a spherical form, 
for no other sort of figure would, in 
all positions^ cast a conical shadow. 
This is mentioned as another proof, 
that the earth is a spherical body. - 
• Jam^9. It seems to me to prove 
another thing, viz. that the sun must 
be a larger body than the earth. 
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one another 
the shadow 
would be cy- 
lindfical: and 
if the earth 

were the larger bodjr, its shadow 
would be of the figure of a cone, which 
had lost its vertex, and the farther it 
were extended the larger it would be- 
come. In either case the shadow 
would run out to an infinite space, and 
accordingly must sometimes involve in 
it the other planets, and eclipse them, 
which is contrary to fact. Therefore, 
since the earth is neither larger than, 
nor equal to the sun, it must be the 
lesser body. We will now proceed to 
the eclipses of the sun. 

Charles. How are these occa* 
3ioned? /iV.-'^^^'. ' 
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Tutor. Ah eclipse of the.suti hap- 
pens when the mooo M,',ptsAskBg 
between the sun s and the earth t 




intercepts the sun^s light, and hinders 
it from coming to the earth. 

James. The sun then can be 
eclipsed only at the new moon ? 

Tutor. Certainly; for it is only 
when the moon is in conjunction that 
it caa pass directly between the sun 
and earth. 

Charles. It is only when the moon 
at her conjunction is near one of its 
nodes, that there can be an eclipse of 
the sun ? 

Tutor. An eclipse of the sun de- 
pends upon this circumstance : for 
unless the moon is in, or near one of 



Ito nodes, 6lie cannot appear in the 
same place y^th the snn, or seem to 
pass- over lib disk. In every other 
part of the orbit she will appear 
iabove or below the sun. If the moou 
be in one of the nodes, she will, in 
ihost cases, cover the whole disk of 
the sun, and prodace a total edipse ; 
if she.be any where within about 16 
degrees of a node^ a partial eclipse 
will be produced. 

' The sun's diameter is supposed to 
be divided into 12 equal parts, called 
digits, and in every partial edipse, 
as many of tliese parts of the sun's 
diameter as the moon covers, so many 
digits are said to be eclipsed. 

James. I have heard of annular 
eclipses, what are they, sir ? 

Tutor. When a ring of light 
appears voiiDdtfae edge of the moon 
during an eclipse of theisun^ it is 



«idd to be ftiiBttkry ftmi H* Lfitifi 
vrord attnulnu^ a riifg* ; tUs kind of 
^dlpse » ooeasiQaed by the mooB 
being at her greatest dUtanoe from 
the earth at the time ^ an eol^i 
becaase, ia that situationi. the veftex| 
or tip of the cone of the maoo's 
shadow, does not reach the swinctt of 
tiie earth. 

' Charki* How kmg can an eclijpsa 
of the sun last ? 

Tutor. A total eclipse of the sun 
is a very curious and uncommon' 
spectacle; and total darkness canoOk 
last more ikiam three or four minutes*. 
Of one that was observed in Portugrf; 
160 years ago, it is said thafe the 
dafiaoe^ was greater than that of the 
night ; — ^that stars !of tiie first xiaglit-^ 
tade'made thdr appearance ; and that 
the birds Vfere so terrified tbat l^cy 
ftll to the fpnmnd* 
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Portugal? J 

j^ior. It tDQst have been seen at 
ether .plao^ though we have no ac- 
count ) of it. The moouy hower^^ 
beihg a body much smaller than the 
earthy and having also a conical Bfaa^ 
40W9 can with that shadow only cover 
a small part of the earth ; whereas an 
eclipse of the moon may be seen by 
all^ those that are on that hemisphere 
which is turned towards it. 

Yofi . will also observe, that an 
ecl^(se of the sun may be ti>ial to 
the inhabitants near the middle of the 
earth's disk, and annular to those in 
places near the edges of the disk ; 
for in the former case the moon's 
shadow ivill reach the earth, and in 
the latter, on account of the earth's 
sphericity, it will not. 

Charles. Have not eclipses been 



wteteied'iis omehis piN^sagiog ^tcmie 
direful calamity ? 

Tutor. Till tlie calises. of 4iie8e 
•4^^»araocdi were di^overa^ tbef 
were, g^nerallj behdd with temr by 
^he inbahitliiits of the workl^ which 
fact is beautifully alluded to by Mtt- 
ton io the first book of Paradise Logl, 
^e594:«^ 

«— Aswhen.tbe suOy-newriaBOy, . 
Looks through the horizontal misty air 
Shorn of his beams, or from behind the rooon^ 

^ In dim eclipse, dtsastrotiis twilight sheds 
On balF the hations, add with fbar of chaDgift 

• Perplexes monarchs. 
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Of the Tides, 

Tutor. We will proceed to the 
tonsideration of the T^des^ or the 
flowing and ebbing of the ocean. 

James. Is this subject connected 
with astronomy ? 

Tutor. It is, inasmuch as the tides 
are occasioned bj' the attraction of 
the sun and moon upon the waters, 
but more particularly by that of the 
latter. You wiH readily conceive 
that "the tides are 'dependent upon 
some known tod determinate laws, 
because^ if you*' turn to WhiteV 
Ej[>faemeri9^ yotii wil! see that tte 
exact time of high water at tiOhdonr 
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SPu^. In «te positicm of the 
eartk and moon as it is in opr figBre, 
the waters are msed at a by the 
ilirect attraction of the mooot .«id 
a tide is accordingly produced; bat 
.when, by the earth's rotation, T 
icomesy 12 hours afterwards, into the 
position n, another tide is occasioiied 
J^y the receding of the waten there 
from the centre. 

; James* You have tdd vs, that 
the tMes are produced in; those parts 
of the earth to which thie mkxm is 
vertical, but this effieet is not confined 
to those parts ? 

Tkiiar. It is not, but there the 
attraction of the moon has the greatest 
effect: in^ all other parts her fmoe 
is weaker, because it acts in a more 
oblique direction, 

Charles. Are there two tides in 
every i^li faomi ? 
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trittm'. If the mom ware sb^imrf 
this would be the case ; Init beeaost 
ihat body k kiso proceedii^ 'eteiy 
day dbout 18 degrees from west til 
iMt in hnrmbii, the«trth tomst make 
metre than dne mraliftioit on its incii 
biSow tiie steme meridian is in oon« 
junction with the moon, and hence 
two( tides take place in about 84 hours 
aiid 50 minutes. 

< James. But I remember when wid 
weve at the sea, that the tid^ rose 
big^cnr at some 'seasons than kt others: 
how do yim account for thk ? 

Tutor. The moon goes round the 
edfth in an elliptic orbit^ and there* 
fare iAe approaches' nearer to the* 
earth hi some parts of h^r 4>rbit than 
in^olii^. Vflskn she is nearest, the 
attraction is the strongest, and con-^ 
sequetttly it raiscirthe tid(» most; and 
wben she i^ farthest fi^oNi the earth, 
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her altmctMm is the l6ttt, ftnft Um 
tides the lowest. 

James. Do they rise to> different 
heights in different {daces? 

Tutor. They do : in the Kadc Sen 
and the Mediterranean the tides are 
scarcely pecceptible. At tlie motttb 
of Uie Indus the water rises and laUs 
full 30 feet. The tides are remarks 
ably high on the coast of Malay, in 
the Straits of Sunda, in tiie IUnI Sea, 
along the coasts of China, Japan, &c« 
In general, the tides rise highest and 
strongest in those places that are nar« 
rowest. 

Charles. You said the snn^s attrac* 
tion occasioned tides as well' as. that 
of the moon. 

Tutor. It does. ; but^ owing' to 
the immense distance of the sun from 
the earthy it produces but a small 
eSsct in comparison of the mooa's. 
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tttfa^taftn. Sir Isaac Newton com# 
puted^ that the force of the mooa 
ridsed the water in the great ocean 
10 feet, whereas that of the sua 
raised it only 2 feet. Wheu both 
1^ alljf^ctipn of the sun and moon 
9C% ia the same directi(»(i» that is, at 
|i§w and full moon, the combined 
forces of both raise the tide 12 feeti 
But when the moon is in her quarters, 
the attraction of one of these bodies 
raises the wat^, while that of thq 
other dejH^esses it ; and therefore the 
smaller force of the sun must be 
subtracted from that of the moon ; 
consequently the tides in the midst of 
the ocean will be no more thim 8 feet. 
The highest tides are called spring 
tides, and the lowest are -denominated 
ne^p tides. 

j0Hes^ I understand, tbc)t, in th^ 
i^rq^r dtfet the height to wjiiqh t}ie 
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tktos am ndsed wudt be cdcttlaMMkf 
addimg io^gdiket the fftlmctiobs of Hie 
mn and moooi aiid M the latter, # 
must jhe eslhn^ed bjrthe Aff^rtincedl 
these sttara^ionfe. 

T^^ar. ^ You are right; WliM IM 
ran,aBd moM aii« both vertteal to ihB 
equator of ethe leai^tb^ and tke vMMt 
at her leaat distance from tbcF #«nh^ 
then the tides are hig^fae^ - * - ^ 

Chafit^ Do the highest tides 4iap-» 
peii at the equinoxes? 

Tutor. Strictly speaking, these 
tides do not happen till some liUle 
time after^ because in this, as in' 
other oases, the actions do not pnw 
duce the greatest effect when thef 
^xe at the strongest, but some tSme 
afterwMPds : thus the hottest j^rt ^ 
the day is not when the sun is on 4be 
mmdtan, but between t<vo and ibur 
o'clook in the . iiftemoon«~ABother 



OP •MB TIBC0* 177 

• ' ■ ' . 

circiiiAdtance mudt be taken into con« 
sideration : the sun being nearer to 
the earth in winter than in summer^ 
it is of course nearer to it in Febru- 
ary and October, than in March and 
Septefnber; ai^d therefore, all these 
things being put together, it will be 
ifound that the greatest tides happen a 
little before the vernal, and some time 
after the autumnal Equinoxes. The 
probable times df the greatest tides in 
each year are given in White's Ephe- 
ineris ; a most useful almanac for all 
young astronoihers. 

James. Since the attraction of the 
moon has a greater effect in producing 
the tides than that of the sun, it is 
natural to conceive, that the magni- 
tude of tlie tides varies with the dis« 
tance of the moon from the earth. 

Tutor. You are perfectly right in 
that conjecture* The moon's attract 



1j(9fi^|n|Ei.the WAtess is. gregt^t wh«9 
fke. is ia her J^rigfe^ or iiearest the 

earth ; and it ia Jleast, when she is iu 

K' ' . . . ■ ... 
, er apogee^ ot the point farthest from 

the, earth* The tides are proportionr 

ally greater ia Jthe . former, case, thaa 

in the latter. The mooa's attraction 

is also greatest^ aU other things being 

the same, when she is in the equator* 

The moon*a declination always; has an 

effect^ more or less, in retarding the 

actual time of high water. Tables 

are given in several books of.astrc^ 

nomy and navigation, by means o^ 

which the time of high water may be 

accurately computed for any assigned 

place, for any particular declination^ 

ana for the various positions with 

regard to the moon's distance from 

the earth. 
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Qf the MameH Mpo»- 

' Ttrrm. From what we said yesi 
terday, you wiB easily understaiid th^ 
feaftoii why the tnoon rises about three 
quarters of an koiir later every <lay 
that! on the one preceding^ > 

' C harks. U is owing to the daify 
progress whicA the moon is making 
ki her orbit; on which account any 
meridian on the earth liiitst mak« 
more than one oomplete rotation on ittf 
ftki*^ beft»re it comes again into- th^ 
^me sitnation with respect to the 
mota.tlMit it had before. AM ywk 
told us thrt (tiisd oeeasbned a d^kr^ 
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Tutor, At the equator this fe 
generally the difference of time be* 
tween the rising of t^he moon on one 
day and the preceding. But in places 
of considerable ' latitude, as that in 
which we live, there is a remarkable 
difference triiout the time of harvest, 
when: at the season . of fiiU lopon '$he 
rises for several nighte together <itdy 
about SO minutes later on the cme 
day than w that immediately pre* 
ceding. By. thus succeeding the sua 
befol^ the: twilight is «4ed^ . the 
moon fHT^ongs the light, to the great 
benefit of those who are. eiiigage^ m- 
gial^eiring in the finite of the earth^^ 
and hence the full moon at; jthi» ae»* 
son is called the harvest moon. }k m 
h^eired that .this wap dbsesfved by 
^Ifi^nixm .eng9S^ inrafriAiltoiref rftt ill 
niHRfa , e^r^er. pi^iod \km $t \wm X¥h 
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ascrUied^ it to the goodness of; the»' 
Deity, not doubting but that he had 
ordered it so on purpose for their 
advantage* ; , 

James. But the people at , tha 
equator do not enjoy this benefit* j 

Tutor. Nor is it necessary tha6 
they should, for in those parts of tha 
earth the seasons vary but little, and 
the weather changes but seldom, and 
at stated times.; to them, then, mooxK 
light is not wanting for gathering the 
fruits of the earth. 

Charles. Can you explain how it 
happens, that the moon, at this sea- 
son of the year rises one day a%r 
another with so small a difference of 

time? : 

. .til 

Tutor. With the assistance of .^ 
globe I could at once clear the matt^ 
up. But I will iendeavour to giv^^ 
you a general idea of the subject 

¥0L, lit & 
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without that instrument. That the 
moon loses more time iii her risings 
'when she is. in ^ne part of her orbit, 
and less in another, is occasioned by 
the moon's orbit Ijing sometimes 
more oblique to the hoiizon than at 
others. " 

James. But the moon*s path is 

• not marked on the globe. 

Tutor. It is not; you may, how- * 

• ever, consider it, without much error, 
' as coinciding with the ecliptic. And 

in the latitude of London, as much 

of the ecliptic rises about Pisces and 
^ jiries in two hours as the moon goes 

through in six days; therefore, while 
' the moon is in these signs, she differs 

but two hours in rising for six dajrs 
•together, that is, one day with' an- 
'^ other, about 20 minutes later every 
^day than on the preceding* 
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Tberi^ m a time, weii known to-hinbandaito» 
In which the moon for many nights^ in aid 
Of their autumnal labours, cheers the dusk 
With her full lustre, soon as Phoebus hides* 
Beneath th^ harizon his propitious ray : 

. For as the angle of the line, wluch bonnds 
The moon*s career from the equator, 6ows 
Greater or less, the orb of Cynthia shines 
With less or more of difTerence in rise ; 

' la Aries least this angle: thence the moon 
Rises with smallaai mianoe of times 
When in this ai^ she dwells, and most .protract^ 
Her sojonming in our enlighten'd skies. 

LOFFT. 

• • » 

' Charks. Is the moon io those 
signs at the time of harvest ? 

Tutor. la Atigust aod Septembei. 
j'ovL know that the sun appears in 
Virgo and Libra, and, of course, when: 
tiie moon is fuU^ she must be in the 
opposite signs, viz. Pisces bxA Arie$. 

Charks. Will you explain, sir»^ 
hew it is that the people at the equa«^ 
tor have no harvest moonf 
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• Tkitor. At the equator, the north 
and south poles lie in the horizon, 
;and therefore the ecliptic makes the 
same angle southward with the hori- 
dSon when Aries rises, as it does north- 
*ward when Libra rises ; but, as the 
}iarvest moon depends upon the dif- 
ierent. angles at which different parts 
«of the ecliptic rise, it is evkteidt there 
i6an be no hardest moon at the 
equator. 

The farther any place is from the 
equator, :if it be not beyond the p4ar 
circles, the angle, wtuch the ecHplib. 
mdces with the: hc»;is^n, wh^ Pieces 
aiidfAries: rise,, gradually dimiofis^es^ 
and; therefore, when the moon is in 
thtee si^9f sbe risei^ with a nearly 
pv^MH^ional^ di^erence later every 
4ay tbaa*on the former, and tl^s^ is 
more remarkable about the time of 
full moon, ^ . 
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JjmifB^. Why fanire you teoepted 
the spaee on tbie globe beyond tl^e 
polfir eude^ ?. 

Tutor. At the pdar ctides^ wbeai 
th^sim touches the aumiiier tropne, he 
omtiiities 24t hours above the hoiieco^ 
and 3A hours below it when he toudiea. 
tbe winter tropic. Foe the saioe twr 
wn, the full mcKtti neither nses in the. 
wmiQer^ when, she is not wanteii ni>r 
sets in the winter, when he^ piesenoBr 
k ap neciessary. These are tht only. 
ikw^ foU moons which happen. nrhaiL 
the Am is in the tcopic^ for aU the 
otheys rise ^and set* In summiar .the: 
follnaoontk are lo«f» and Uviir sta|r: 
abare ; tim horizon short i hi «iKrinten 
they are 16^, and stay long abonei 
the hpriaon. A wonderful display .ttdsi 
of : the divine Wkdom and goodtieiB; 
in apportioning tbe quantity. dP fight; 
suitable' to the various i^ec^itias of 
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Hhe iDkftbHants' of the e2UiJi/acoi»d« 
iDg to their ^differi^ntsitudtioiis. / * * 
Charles. At the poles, the matter 
18^ I suppose, still different. 
• Tutor. There one hdf of the 
fidiptic iierer sets,- and t^e other half 
nerbr rises; consequently, the s«i 
contimies one;. half year above iim 
hdri^on, and the other half belo^ it. 
Hie fall nf ooh faeibg always opposite 
to tiie^itn, can ne^er be seen by the 
iiihabkailts^ of the poles, white the 
annuls ab^ye the horizon. But aU tiie 
tiale itbat the smi is below '4be hdri- 
ami, the full nioon nevbr ^&t&.^ Con* 
;^qtently, to thQin the fuH'nidOn Is 
ne^r vvadble :in their : isuianieif ; . aiid 
in. their-wttter thij have /ter- ali;9«yt 
heArenand.after the^fall, shiniaig' for 
14 :ofi our; (fiiys and'nights wiUiovi In* 
ternnssien^ .^And when the sun fs de« 
pressed the lowest >under the hoxizto. 
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ihen the *. noonr * afc^ida' witfa * her 
highest aliitude« ' 

: James. * Thi& inckbd exhibits in a 
high d^;ree the attention of Provi* 
deiice to aH his creatuies* But if I 
understand yau^. the inhabitants of 
tlse' poles hflhre in their winter a ftrt- 
sight's light and darkness by turns ? 

^ Tutor. This vcntld l>e the case^ 
for the /whole six months that the sim 
isii)d0V the horiaop; if there wei^ no 
SBfiractienyf and no suhstitttfe for the 
li^t of the mck)Q. Bat by the at« 
mosphone a refracting the sun's raya» 
he becQmel YittUe'a fortnight soionite, 
mod: cpnUtnjea a fiH*biigiit ionger in 
9ight$ thmi he : wduld otherwise do 
were iSuiPi no such. property belbng^^ 
iQgAo the atmosphere. And in thbse 
parts of the winter; when ' it woiilff 

* Thitt subj^t of refraction will be rerj parties* 
larlj eig[>laio«d wbfia we eome to OptiCB< 



be abnliite^ dark m the' absence t)f 
the moon, the brilliancy ofthd Ati* 
rora Borealis is probably so great 
as to aSbixl a veiy comfort^l^ de-' 
greie of light« Mr. Heame^ in fak 
travds near the polar, circle^ has this 
vdmark in his journal : ^ December 
2*. The days were so short, that 
the* sun only took a circuit of a few- 
points of the compass above the ho« 
iiflofi, afnd did not, at its greatest al- 
titude, rise half way up the trees. 
The hrilliafacy ikf the Aurora Borealis, 
hovrever^ and .of the stars, even with-» 
QUt the askistance of the moon, -made^ 
amends for this deficiepcy, for it was 
frequently io l%lit all night, that I 
cqnkl see to iread a small print.^ 
' These advantages are' pdetidHly- 
ddK^iJbed by our Thomson ; > - 

'<Bj^ dancing meteors thfSa, that ceaseleM shale 
A w^vin|^ bfo^ refi-n^ed o'«r the hesiveiifti 
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And i^tvid mooBS, and stars that ketner plagf 
With double lastre from the glossy waste, 
£v'n in the depth of polar night, they find 
A wondnms day; enough to light the chase. 
Or guide their daring steps to Finland fairs. 
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CONVERSATION XVIII. 



Of Mercury. 

Tutor. Having fully described 
the earth and the moon, the former 
a primary planet, and the latter its 
attendant satellite, or secondary pla- 
net, we shall next consider the other 
planets, in their order, with which, 
however, we are less interested. 

Mercury, you recollect, is the 
planet nearest the sun ; and Venus is 
the second in order. These are called 
inferior planets. 

Charles. Why are they thus de- 
nominated ? 

Tutor. Because they both revolve 



in odnis which are included )mthin 
that of the earth; thus in the diagraiik 
at page 52, JVIercury makes his annud 
journey round the sun in the orbit a ; 
Yenos in b^ and the earth, farthei* 
from' that Uminary than either of 
them, niakes its circuit in t. 

James. How is this known ? 
" Tutor, By observation: for, by 
attentiTelf watching the prc^^ress of 
these bodies, it is found thitt they 
are continually changing their placed 
among the fixed stars, and that they 
are never, iseen in oppositioti to the 
sat, ihdt is, they are never seen in 
the' western ^ide of the heavens in th^ 
moroihg when he appears ip the east; 
tior in the eastern part of the heavens 
in the evening when the sun appear!^ 
in the west. ^ . 

Charts. Then they may be conf- 
rfdcggj as attcndumts iiipfm iheabn?^ 
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myer seen from tfae earth at a greater 
/iJistAiice from tbe aiin tbai^ about 9Xt 
4<g^!eQfl> or about as hi as the nuxm 
Appears. to be from the sun on the 
fi^cmd Aay after its change; hence 
it is that we so sddam isee hmi ; and 
when we do, it is for so short a tin^e, 
and always in twilight, that .sufficient 
observations have. not been made to 
asoertfuin whether he has a dinmal 
inotion^on' his axis. 

Ja$fief. . Would you then conclude 
that>he has .wch a motion ?, 
. 7Vf«r« I thmk we >u^; be^ 
eau9e it is»knbwn to e3u4 in all those 
j)|a«fet« upon which :obseryatikH» of 
sttffici^pt eiQteat ha?e been made; 
and theif^ore we may surely infer, 
widiottt much probability of error, 
jkbat it bdaogs also to Mercury and 
the Heirscbel; the former from its 



vkinftl^ to the sun, fl^d the ; htter, 
ffonr its great difta^ice from thut 
ho^Y$ having at pi^sent elud0d the 
ifv^^gatipn of th^ .most ind^atigar 
Ue astronomers. : 

Ckarles. At vrhat distivQce is Mer^ 
cunr from the sun ? ' 

Tutor* ' He reToIves round that 
body at about 37 ; millions of miles 
distance,, in 88 days nearly. ; an4 
thenefioore you can now tell me how 
many miles he travels in an hour, x 

Jamea^ I can ; for supposing his 
orbit circular, I must multiply the 
37 miUiony, by 6 ;* which will give 
2€^millions of miles for the length 
of his orbit ; this I shall divide by 
88, the nufnber of days he takes in 
pecfiorming his journey, and the quo^ 
tient cesultipg from this must be di« 

* Or, to be more correct| multiply by 6,S833« 
See page 79. 
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tided by 9,4, ftr the ntmiber df Ivotn^ 
In a day ; tod by these operations 
I find, that Afercury travels at the 
Mjtie of more than 105,000 inileft in 
an hour. 

Charles. Haw large is Mereiiiy ? 

Tutor. He is the smallest of aR 
^he- planets, his diametei* being (Hily 
something more than SSOO miles in 
length. 

James. But his situation being so 
much nearer to the sun than ours, 
he must enjoy a considerably greater 
share of its heat and light. . 

Tutor. So much so, as would in- 
deed infaHibly bum every thing be- 
longing to the earth to atoms, were 
ahe sitmlariy ^uat^d. The heat of 
the sun, at Mercury, must be 7 times 
greater l^n om* summer heat : 

Mercury ihe first. 
Near bordering on tbe day^ witb speedy mh^ 



Flies stnftest oo« inflaimng where h0 cqdmv 
With seveqfbld sj^eadour, ail the azure roaod. 

MaLL£T*S ExCUfiSION. 

Charks* And do you imagiDe 
that, thm circumstanced, this planet 
can be inhabited ? 

Tutor. Not by such beings as we 
are : ycm and I could not long exist 
at the bottom of the aea ; yet the 
sea is the habitation of millions of 
living creatures ; why then may there 
not be inhabitants in Mereury, fitted 
for the enjoyment of the situ^tioa 
which that planet is calculated to 
afford ? If there be not, we must be 
at a loss to know why such a body 
was formed : certainly k could not be 
intended for our benefit, for it is 
rarely even seen by us : — 

Ask for what end the heavenly bodies shine? 
Earth for whose use? Pride answers^ '< *Tis for' 
mine ; 

S 2 
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«* " ■ " i ^ suns to light me rise, 

Mjr footstool earth, my canopy the skies/' 

Pope. 

But do these worlds display th^r beams, or goido 

flwireitm, to serte thy use, to please thy pndel 

Thyself bat dust, thy stature but h spaD^ • 

A moment thy duration ; fooUsh man ! 

As well may the .miputest emmet say, 

*t*hat Caucasus was raised to pave liis way : 

llie snatl, that Lebanon's extended wood • 

Was dtotmMonly for his walk and food: 

The vilest cockle^ |S>piD^ on the coast ' 

That rounds the ample seas, as well may boast. 

The craggy rock projects above the sky. 

That be in safety at its foot may lie : 

And the whole ocean's conflutot Waters sitell 

Only to quench bis thiht,* or ino¥e and blanch his 

' shell. 

Pbioe^ 
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COlJy^SATION XIX. 
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Cy* Venus. 

. Tutor. We now proceed to Ve- 
nus, the second planet in the order of 
the solar system, but by far the mos(^ 
beautiful of them all : — 

Fairest of stars, last in the train of night. 
If batter tbou faielong notto the dawn, 
Sure pledge of day, that ci9#n*sttbe sfailipgmoiiir 
, With Ihjr bright circlet, praise him in thy sphere, 
AVhile day arises, that sweet hour of prime. 

Milton. 

. Jmes. How far is Venus from 
die'sgn? 

Tut(^^ That planet is 68 millioni 
of miles from the sun, and she finishes » 
b^r joiirn0)2i in BSH daysy conte^^ 
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qoently she must travel at the rate of 
75,000 miles in an hour. 

Charks. Veiius is larger thaQ 
Mercury, I dare say ? 

Tutor* Yesr she is' nearly as large 
as the earth, which sl\e resembles also 
in other respects/ her diameter being 
about 7700 miles in length, and she 
has a rotation about her axis in 29 

■ ^^^ f 

hours and 20 minutes. The quantity, 
of light and heat, which she enjoys 
from the sun, must be double thfit 
which is experienced hy the . iidiabi- 
tants of this globe. 

' Aimes. Is there also a difiei^nqe 
i^pgr seasons, as there is here ? 

Tutor. Yes, in a much more 
JilpisidanUe ' degree. The aw' .of 
Venus inclines about 75 degrees^ but^ 
tlxat of the earth inclines Anly ^S 
degiPtes; and as the variety of the» 
temrn ia GViry (danet^efieiida^ ti»' 
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Aegvei of the inclinatii^n of its axis, it 
is evident tb&t th^ seasbns iriust vary 
ttiovt with V^niis than with us. • ' 
.' Chitrle^ Verliis appears to us 
targer sometimes than at others. 

Tutor. She does ; and the great 
Tatiation^^ the apparent diameter of 
Y^hus demonstrate thsit her distance 
frdrnthe earth is exceedingly variable. 
It is' largest when the planet passes 
over Ae disk of the sun ; that is, a^ 
we shall soon see, when * there is - a 
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transit, Suppose s to be the sun, T 



the earth in her orUt, Mda, b, c^dy 
ft/# Venus in hers: now' it is Slddent 
that when Venus is at a, between the 
Min and eartb> she would, if vis9)Ie» 
appear mnch lai^^er than* when sheii 
at J in opix)sition. 

Jatms. That is because she is se 
much nearer in the fenner ctfse thaA 
in the letter,; being ib the situation 
a but WJ niilti<»is of miles frem the 
earth t* hut at 4 she is 163 itiUKoiis 
pf miles off. 

Tutor. Now, as Venus passes from 
Cf through £, c, to d^ she majr be ob- 
servedy by means of a g<>od telescope, 
to h2|ve all the same phases as the 
moon has in passing from new to futt; 
therefore when she is at d she is fuU, 
and is seen among the fixed stars t 
during Her journey from d py e, she 
proceeds with a direct motion in her 
orbit, and at c she will appear to an 
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inhabitant of the earth, for si few days^ 
to be stationary, • not seeming to 
cbm^e her jiace among the fixed 
^atB) for she is coming toward the 
earth in a direct line : but in passing 
from e toft though still with a direct 
potion^ yet| to a spectator at t, her 
course will seem to be back again ^ or 
retrugradef for she will seeni to have 
gone back from ;k to ^ ; her path wiiV 
fiffie^r retrograde till she g^ to; c, 
^hen she will again a[^ar stationary^ 
and afltef wai^s, from c to 4 and from 
d, to e> it will be direct among the 
fi;&edsti|rs% 

/ Ch^rleSk ' Wh^u is Venus an even- 
Hj^ and wfafeit ^ morning star ? 
t Tutor.. She is an evening star all 
the while* she appears east of the stini 
and'a^mw^rqing star while she is seen- 
"West :^f him,— 

' Next Vitfnus to the v^stward of the sun, 
Full orb'd her face, 2^ golden plain of light 
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. Circles hf I lai^er romid* Fair mariiiii^ttvr^ 
That leads on dawning day to yonder world^ 
The seat of Man. 

When she is at a she will be invisiiil^ 
her dark side bang towards us, unlesi 
she be exactly m the node, in which 
case she will pass orer the sun's &ce 
like a little Mack spot. 

James. Ts that called the transit 
of Venus? • 

Tutor. It is ; and it happens twice 

only in about ISO years. By this 

phenomenon astronomers have been 

enabled to ascertain wkh great aceu*^ 

racy the distance of the earth ^m 

the sun ; and, having obtained this, 

the distances of the other planets are 

easily -found. By the two transits 

which happened in 1761 and 17699 it 

was dearly demonstrated, thai tfao 

mean distance of the earth from the 

sun was between 95 •and 96 miinons 
of miles* 
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The next trtnttt of Yedus will be 
in December^ 1874* 

Charles. Hoie do you find the 
distanees of the other planets from 
the 8on, hj knowing that of the 
earth.?* 

7\itor. I will endeavour to make 
this plain to you. Kepler, a great 
astronomer^ discorered that all the 
|danets are subject to one general laWi 
which is, that the squares qf their 
periodical times are proportional to 
the cubes of their distances from the 
sun. 
< James What do you mean by the 

periodical times f 

Tutor. I mean the times which 

'* The -remainder of tlii's Coilviersadon fi)ay bd 
omitted by those yoang persons who are- not expert 
in aridtmedcal operwoont, Dio author,, howayer, 
knows^ flrom ex|)erieoGe, that cliildren qiayy at a 
irery early age, be brought to understand these 
luglicr part» ofaiiUiBietic^ 
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the planets take ini jp^oMng mhid 
the sun ; thus the pefiqdical tim^ of 
the earth is d65-ir days ; that of Vestts 
£244- days ; that of Mff6cixry 68 diqrft' 

Charles. How then. wouldyoa find 
the distance of Mercury from the 
sun? ' . 

. Tutor., By the. rule erf ithree: :1i 
would say as the square of 865 dayft 
(the iime >f hich the (earth takes iti 
revolving about the ^un) is to. the 
square of 88 days (the time in which 
Mercury revolves about the sun)i so 
is the cube of 95 millions (the distance 
in miles of the earth from the. sun) .to 
a fourth number* 

James. And is that fourth Piiii4)er 
the distance in ndles of Mercury frqpi 
th^sun? , 

. Tut0r. No: you must extract the 
cube root of that number, and then^ 
you will have about 37 millions of 



tniles fw the answar, which is the 
distance at which Mercury revolves 
dxHit the siin. ^ 

Charles. Dpes Venus turn round 
<» her axis ? 

Tutor. Frbm the movement of 
ce^aia jspots upon the Burface of the 
planet, ijt ha$( been concluded^ that 
she ^evolves about her axis once in 
9^ lumf9n But tins is not completely 
ascertatue^* 
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CONVERSATION XX. 



Of Mars. 

Tutor. Next to-Venu? Is the 
earth and her satellite, the moon ; but 
of these sufficient notice has already 
been taken, and therefore we shall 
pass on to the planet Mars, Which 19 
known in the heavens by a dusky 
red appearance. Mars, together with 
Jupiter, Saturn, and the Herschel, are 
called superior planets, because the 
orbit of the earth is enclosed by their 
orbits. 

Charles. At what distance is Mars 
from the sun ? 

Tutor. About 144 millions of 
miles ; the length of his year is equal 
to 687 of our days^ and therefore he 
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tmvds at the nte of niore than 5S 
thousand miles in m hour : his diurnal 
rotation ^n his axis is performed in 
24 hours and 89 minutes* which 
makes his figure that of an oblate 
^pherAid* 

Jtmc^ How is the diurnal motioir 
^ this planQt discovered ? 

Tutor. By means of a very largek 
(yHit which is sfeil distinctly on his 
face, when he is in that part of his 
orbit which is opposite lo the sun and 
earth. ^ 

Charles* Is Mars as large as the 
earth P / 

7\itor4 No : his diameter is 6nly 
4189 miles in leifgth, which is but 
little 4nore than half the length of 
the earth's diameter. And owing to 
his distance from the sun he will not 
enjoy one ha}f qf the light find heat 
which we enjoy. 
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• James. And yet^ I belieV6, h'ci bad 
hot the b^efit of a- moon ? 

Tutor. No moon has ever bceri 
discovered beloiftgihg either to Mer^' 
cury^ YenuSy or Mars. ' ' 

Charles. Do the superior planets 

exhibit siimlar ap^eafftnces ^f dil^ct 

and retrograde motion to those' of the' 

inferior planets ? 

' TiaorC They do : slippbse fi thtf 




sun ; ff, b, d, /, g. A, the earth in 
different parts of its orbit, and m 



Mf^ ia.hi? prbiU Wfeeu the e^rtU 
is at ay Mars .will appear among tbe 

fixed stars at s: when by its annual 
motion the earth has arrived at b^ d^, 
and '/i' respectively^ the planet Mi^rs 
^ill Jjppear ^l the heavens at y, ^, 
^])d «^ ; wb^n the earth h^ advanced 
tq gr' Mars will appear stationary at 
Q : to. the. earth, in its journey froni' 
^'to A^, the planet will seem to go 
backwards of retrograde in the heavens . 
fcom Q tq Z'f and this retrograde motion 
will be apparent till the earth has ar- 
rived f^t a$ when the planet^ will agaisi 
appec^r stationary. 

Japi^s. I perceive that Mara is 
retrpgcade when iix. oppositimi and the 
same is^ I suppqse^ fipplicaUe to the 
other superior planetaf ; but tbjg retro- 
grade motion erf Mercury $nd Yenus \% , 
whei} those p^pets are ip ca^unction* 

jTutor. Ifw ayQ right; aqd ya«. 



see the reason, I dare say, why Ihfe 

superior planets may be; in tKe wesli 

ii> the morning when the sun rises in 

the east, and the reverse. ' 
' Charles. For when the earth is at' 

d, Mars may be at n, in which case 

the earth is between the sun and the 

pianet : I observe also that the planet 

Mars, and consequently the other 

superior planets, are much nearer the 

earth at one time than' at others. 

' Tutor. The difference with respect 
to Mars is no less than 190 millions 
of miles, the whole length of the* 
orbit of the earth. 'This will be a' 
pfroper time to explain what is meant 
by the heliocentric longitude of the* 
planets referred to in the Epbemeris. 

* James. Yes,' I remehiber jxm prtv. ' 
mised to explain this when you came 
to speak of the planets: I do not know* 
the meaning of the word heliocenlric. 
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"'Tutor. It is * Wnti useS to e». 
jweSs the place of ibe heavenly hod% 
as seen from tlie centrie of tlie^sun; 
Whereas the geoteritHc place of a 
planet isthepositidnwhieh it ba^-wheh 
se^A rrpiti the centre of the earths ' 
Cktrties.' Wilt you show us by' a 
flgurlfii^ whi&tithis 'diff<6rence consists*? 




Tutor f I i^iU ; let s represent tb4| 
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pifloe of tbe sun> & Yearn iq its orbit, 
a tbp e«rth ia hen, wd cMan in 
ort|it» and the ootermo^t circle will 
present the sphere of fixed stars. Now> 
po a spectator on the earthy (^ Venus 
will appear among th^ fished stars i|i 
|;he i)eginning of Sccnpio, bqt^ as viewed 
from tl^e s^n, sher wiU be se^a bf^jrom^ 
the middle of Leo* Therefore the 
geocentric longitude of Veiias will be 
in Scorpio, but her heliocentrfc Ion- 
^pde will bg in Leg. Agsuo, to a 
spectator af a, the planet Mara ate 
yiAll appear ^iQong the fixed stars tp- 
^ wards the end of the ^igft of Pisces; 
f>uty as viewed ^ond the sua, he wjUr 
1^ seen at the heginfiii^ Qf the sign 
A|ries : coqsequ^^tly the. g^ecmUric 
hmg^itude of Mars is in pisce^ ; ibut 
his heliocentric longitude is j^hen in 
Aries, 
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- • 

Of Jupiter. , 

^' Tutor. We uow come to Jupiter,' 
the largest of all the planets, which is 
^ilj known by his peculiar magni* 
tude'and brilliancy. ' ' 

< Charlti. Is Jupiter larger than 
Veniis? ' ^ • ' ' « « 

Tutor. Though he does not appeal 
SO' toge, yet the magnitude of Venus 
bears but a very small proportion to 
that of Jupiter, whose diameter is 
90,000 miles in length, consequently 
hts bulk will exceed the bulk of Venus 
1500 times: his didtatice from the 
sun is estimated at more than 490 
niillions of miles. 
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James. Then he is ^ve times 
farther from the sun than the earth • 
and, consequently^ as light and heat 
diminish in the same proportion as 
the squares of the distances from the 
illuminating body increase, the in- 
habitants of Jupiter ei\joy but a 
twenty-'fifth part of the light ^pd h^t 
q{ the sun that we enjoy. 

Tutor. Another thing remarkable 
in this planet is, that it freTdvc^ on: 
its axist which is perpendicmhur to its 
orbit, in 10 hours, andj in cooset' 
quence of thiii swifb and di^fi^al 
rotation, his equatorial diameter is 
CjOOO miles greater than his polaf; 
diameter. 

Chark^. Since then a variety i^^^ 
the seasons of a plf^iet depends upqn 
the inclination of the axis to it9 
oi^bit, and since the axis of Jupiter 
has no inclination, there cfin bg nq 
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^ffisi^pa^ in his seasons, nor dny in 
the length of bhi days and nights. 

Tutor. You are right; his days 
and nights are always five hours each 
in length : and at his equator, and its 
neighbouiiiood> there is perpetual 
summer; and an everlasting winter 
in the polair regions. 

James. What is the length of his 
years? 

TiUor. It is equfil to, nearly 13 
ot ours, for he takes ]1 years 3|4 
days and 20 hours, to ^ake a revo- 
lution round the. ^n^ consequenl;!/ 
he travels at the rat# of n)or<» thaii^ 
28,000 miles in an hour« 

This noble planet is accompanied 
with four satellites, which irevolve 
^bout him, at different distanpe^ linct 
ip different periodical tim^s ; the^^. 
in about 1 day imd 19 \}mm v, the 

^cmi4 m ^A^if*. l^ )m*ky the ^Aw^C 
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ill 7 days 3 hoim < kitid :tlie /aUrth 
in 16 days aod l$bfivn. . . 

Beyond the sphere of Martj in <liMpnt sUm^ 
Bevblves the mighty m9gnitQile«fJ<p«e 
Withkihglystat€,therivlilofth^suiu ' 
About him ronnd faur-pianekify meotmf 
• On eiirth with wouder all night hmg JMteldf 
Moon above moon^ his fair attendant:^ lisnce* 

Mallet*s Excu&siov. 

t, .. .• .» » » 

Charles. And are these •satel'»- 
lites, like- bur laadii, subjeet to be 
edipsed ? 

» • 

Tutor. They are^, and (heir 
corpses are of conisiderable import- 
aiice to astronomers, in asceitfliniogf 
with accuracy the ks^giMii^ of diffieiy 
etit places dii &e ieairth. '- 

By mebns of the eclipses oiJvh 
pica's satellites^ a mrthod "hn$ HeeA 

' • • • 

also obtained of demonslnfliig^ that 
the motien ot J^kt is phogrmive, 
and net instOfHmmus, w imi <moe 
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«iippo6ed. .Hence it is found, that 
the velocity of light is nearly 1 l^OOO 
times greater than the velocjty of the 

earth in its orbit, and more than a 
million of times greater than that of 
a ball issuing from a cannon. This 
discovery is alluded to by the last 
mentioned poet : speaking of an ob- 
server of the eclipses of Jupiter's 
, satellites, he says. 

By these observed the rapid progress Jinds 
Of light itself; how swift the headlong rajr 
Shoots from the san's height through anbounded 

space^ 
At once eolight'niog air, and earth, and heaven. 

Rays of light come from the sun to 
the earth in 8 minutes, that is, at the 
rate of about 12 millions of miles in a 
minute. 

James. Who discovered these sa* 
tellites ? « 

VOL. II. u 
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Tutor. They were first seen by 
Galileo in 1610. He took them for 
telescopie stars, but farther observa- 
tions convinced him and others that 
they were planetary bodies* 

The relative situation of these 
small bodies changes at every instant. 
They are sometimes seen to pass over 
the face of the planet, and project a 
shadow in the form of a Mack i^t, 
which describes a line across it. 
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CONVERSATION XXII. 



Of Saturn. 



i» 



TcfTOB. We are now arrived at 
Saturn ia our descriptions, which, 
till within these forty years, was 
esteemed the most remote planet of 
the solar system. 

Charles. How is he distinguished 
in the heavens ? 

Tutor. He shines with a pale 
dead light, very unlike the bi*illiant 
Jupiter, yet his magnitude seems to 
vie with that of Jupiter himself The 
diameter of Saturn is nearly 80 thou- 
sand mUes in length: his distance 
from the sun is more than 90O mil-* 
lion of miles, and he performs his 

u 2 
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joarney round that luminary in a 
little less than 30 of our years, con- 
sequently he must travel at a rate 
not much short of Sl^OOO miles an 
houn 

James. His great distance from 
the sun must render an abode on 
Saturn extremely cold and dark too, 
in comparison of what we experience 
here. 

Tutor. His distance from the sun 
being between 9 and 10 times greater 
than that of the earth, he enjoys 
about 90 times less light and heat ; it 
has nevertheless been calculated, that 
the light of the sun at Saturn is 500 
times greater than that which we en* 
jc^ from OUT full moon. 

Charles. The day- light at Saturn, 
then, cannot be very contemptible : I 
should hardly have thought, that the 
light of the sun even here was 500 
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times greater than that^ experieoc^ 
from a full mpon« 

Tutor* So much greater is ouc 
meridian light than this, that during 
the sun's absei^oe behind a cloud, 
>irhen the light is much less str<H)g 
than when we behold him in all his 
glorious splendour, it is reckoned that 
our day-light is 90,000 times greater 
than the light of the moon at its full. 

James. But Saturn has several 
moons, I believe? 

Tutor. He is attended by sewn 
satellites, or piooos, whose periodical 
times differ very much; the one 
nearest to himi performs a revolution 
ropnd the primary planet jn 22 hours 
and a half; and that which is mo$t 
remote takes 79 days and 7 hours 
for his monthly journey ; this la^t 
satellite is known to turn on its axis, 
and in its rotation is subject to t^e 

u 3 
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same law which our moon djeys, 
that is, it revolves on its axis in' the 
same time in which it revolves about 
the ptaiiet. 

Besides the seven mbonsi Saturn 
is encompassed with two broad rings, 
which are probably of considerable 
importance in reflecting the light of 
the sun to that planet ; the breadth of 
the inner ring is SO.OOO miles, that of 
the outer ring is 7,200 iniles, and the 
vacant space between the two rings is 
2839 miles. These rings give Sa- 
turn a very different nppearance front 
any of the other planets. The an- 



nexed figure is a representation of Sa- 
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turn as seen through a good telescope. 
On the supposition that Saturn was the 
most remote planet of our system, he 
is thus described by Mallet, in his 
Excursion : 

Last, outmost Saturn walks his frontier. round. 
The boundary of worlds, with his pale moons, 
Faint glimmViug through the gloom which night 

has thrown 
Deep-dyed and dead o'er this chill globe forlorn : 
An endless desert, where extreine of cold 
Eternal sits, as in his native seat, 
On wintry Jiills of never-thawing ice.- 
Such ScUum's earth ; and even here the sight, 
Ainid these doleful scenes, new matter finds 
Of wonder and delight ! a mighty ring I 

James. Is it known of what na- 
ture the ring is ? 

Tutor. Dr. Herschel thinks it no 
less solid than the body of the planet 
itself, and he has found that it casts a 
strong shadow upon the planet. The 
light of the ring is brighter than that 
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of the planet ; for the ring appear9 

sufficiently bright for observation at 

tim^ when the telescope scarcely 

affoi]^ jUght enough to gire a fair 

view of Saturn. 

Charles. Is it known whether 

Saturn turns on its axis ? 

Tutor. According to Dr. Herschel 
it has a rotation about its axis in 12 

hours ISt minutes : this he computed 

from the equatorial diameter in the 

proportion of 11 to 10. Dr. Herschel 

has also discovered, that the ring, just 

mentioned, revolves about the planet 

in 10 hours and a -f » which is also the 

time of the planet's rotation on its 

axis. 
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CONVERSATION XXIII, 



Of the Herschel Planet. 

Tutor, We have but one other 
planet to describe, that is the Herschel. 

James. Was it discovered by Dr. 
Herschel ? 

Tutor. It was, on the 13th of 
March, 1781; and therefore by many 
astronomers it is denominated the 
Herschel planet : tliough, by the doc- 
ter himself, it was named the Geor- 
gium Sid us, or Georgian Star, in 
honour of his late majesty George the 
Third, who was for many years a 
liberal patron to this great and most 
indefatigable astronomer. Foreign 
astronomers Usually call this planet 
Uranus. 
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Charles. I do not think that I 
have ever seen this planet. 

Tutor. Its apparent diameter is 
too small to be discerned readily by 
the naked eye ; but it may be easily 
discovered in a dear night, when it 
is above the horizon, by means of a 
good telescope, its situation being pre-: 
viously known from the Ephemeris. 

James. Is it owing to the small** 
ness of this planet, or to its great 
distance from the sun, that we c9Xk^ 
not see it with the naked eye ? 

Tutor* Both these causes are 
combined: in comparison of Jupiter 
and Saturn he is small, his diameter 
being less than 35 thousand miles in 
length ; and his distance from the 
sun is estimated at more than 1800 
millions of miles from that luminary, 
around -which, however, he performs 
his journey in 84 of our years ; con- 
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sequently be mu^t travel at the rate 
of 16,000 miles an hour. 

Charles. But if this planet has 
been discovered only 40 years, how 
is it known that it will complete its 
revolution in 84 years ? 

Tutor. By a long series of obser- 
vations it has been found to move 
with such a velocity as would carry 
it round the heavens in that period. 
And all the computations of its places, 
conducted upon that supposition, are 
found to be correct. 

James. How many moons has the 
Hersehel ? 

Tutor. He Js attended by six 
satellites or moons, of which, the one 
nearest to the planet performs its 
revolution round the primary in 5 
days and 23 hours, but that which is 
the most remote from him takes 107 
4ftys aod 16 koiirg fiw Ib9 jaoniey* 
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Charles. Is there any idea formed 
as to the light and heat enjoyed bj 
this planet ? . 

Tutor. ^ His distance from the sun 
is 1 9 times greater than that of the 
earth ; consequently, since the square 
of 19 is 361, the light and heat ex- 
perienced by the inhabitants of that 
planet must be 361 times, less than xoe 
derive from the rays of the jsun* 

The proportion of light enjoyed by 
the Herschel has been estimated at 
about equal to the effect of 249 c>f 
our full moons* 

Charles. Is it quite c€t*tain that 
there are no more planets belonging 
to our system, than those which you 
have mentioned ? 

Tutor. So far from it, it is now 
quite certain that there ^re others; 
and it is by no means improbable 
that the future pbservatiops of astro- 
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Homers may lead to the discovery of 
more. 

James. Why, then, have you not 
assigned a separate discussion to them? 

Tutor. There are two reasons for 
that. One is, ' that the newly dis- 
covered planets are so minute that 
they can never be seen without tele- 
scopes : another is, that on account 
of the comparative recency of their 
discovery, their various elements are 
not yet very accarately assigned.— 
That you may, however, have an 
adequate notion of the place which 
they occupy in the solar system, I 
beg to present each of you with a 
card, on which you will find exhi- 
bited in one view^ the periods, dis- 
tances, and magnitudes of all the 
planets, including the four small ones 
which have l^een discovered during 
the present century. 

VOL. II* X 
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CONVERSATION XXIV. 



Of Comets. 

Tutor. Besides the seven primary 
planets, and the eighteen secondary 
ones, or satellites^ which we have 
been describing, there are other bodies 
belonging to the solar system, called 
comets, to which Thomson in his 
Summer beautifully alludes : 



Amid the radiant orbs 



That more than deck, that animate the sky. 
The lir&-infusing sans of other worlds ; 
Lo I from the dread immensity of space 
Returning with accelerated course 
The rushing comet to the sun descends. 
And, as he sinks below the shading earth. 
With awful train projected o'er the heavens. 
The guilty nations tremble. 

SuHHEB, line 1709. 

X a 
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Charles. Do comets resemble the 
planets in any respects ? 

Tutor. Like them, they are sup- 
posed to revolve about the sun in 
•elliptical orbits^ and to describe equal 
areas in equal times; but they do 
not appear to be adapted for the 
habitation of animated beings, owing 
to the great degrees of heat and cold to 
which, in their course, they must be 
subjected, in consequence of the great 
eccentricity of most of their orbits. 

The comet seen by Sir Isaac New- 
ton, in the year 1680, was observed 
. to approach so near the sun, that its 
heat was estimated by that great man, 
to be 2000 times greater than that of 
red-hot iron. 

James. It must have been a very 

solid body to have endured such a 

heat without being entirely dissi** 
pated. 
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Tutor^ So indeed it should seem ; 
and a body shus heated must retain 
its heat a long time; for a red-hot 
globe of iron, of a single inch in 
diameter, exposed to the open air, 
will scarcely lose all its heat in an 
hour; and it is said, that a globe 
S)f red-hot iron, as large as our earth, 
would scarcely cool in 50,000 years. 

Cherries. Are the periodical times 
of the comets known ? 

Tutor. Very few of them with any 
degree of certainty ; it was long ago 
supposed that the^periods of three of 
them had been distinctly ascertained. 
The Jirst of these appeared in the 
years 1531, J 607, and 1 682, and it was 
expected to return every 75th year ; 
and one which, as had been predicted 
by Dr.Halley, appeared in 1758, which 
was supposed to be the same.* 

• Of late, it has been determined that some 
comets have periods of only a few years. Thu9; 

X 3 
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The second of them appeared in 
1532, and 1661, and it was expected 
that it would again make its appear- 
ance in 1789» but in this the astroDO<- 
mers were disappointed. 

The third was that which appeared 
in 1680, and its period bdng estimated 
at 575 years, it cannot^ upon that sup. 
position, return until the year 8S55. 
This last comet at its greatest dis- 
tance is eleven thousand two hundred 
millions of miles from the sun, and 
its least distance from the sun's centre 
was but four hundred and ninety 
thousand miLes; in this part of its 
orbit it travelled at the rate of 88P,000 
miles in an hour. 

James. Do all bodies move faster 
or slower in proportion as they are 

the comet of 1773 and 1805, has a period of 6 years 
and 307 days. It passed its peribelion March I9lh, 
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nearer to, or more distant from, their 
centre of motion ? 

Tutor. They do, for if you meditate 
upon the last six or seven lectures, 
you will recollect that the Herschel, 
which is the most remote planet in 
the solar system, travels at the rate of 
16,000 miles an hour: Saturn, the 
next nearer in the order S1,000 miles; 
Jupiter, 28,000 miles ; Mars 53,000 
miles ; the earth 65,000 miles ; Venus- 
75,000 miles ; and Mercury at the rate 
of 105,000 miles in an hour. But 
here we come to a comet, whose pro- 
gressive motion, in that part of its 
orbit which is nearest to the sun, is 
more than equal to eight times the 
velocity of Mercury. 

Charles. Were not comets formerly 
dreaded as awful prodigies, intended 
to alarm the world ? 

Tutor. Comets are frequently ac- 



compaDied with a lumiiious train eaiitd 
the tail, which is supposed to be souii^ 
electric pbenomeDon issuing from the 
body in a line opposite to the sim, 
but which, to uninformed people, has 
been a source of terror and dismay. 

James. Po comets shine by their 
own ligh<i.? 

. Tut^r* It was, till within these feir 
years, supposed that comets borrowed 
^U t|i^ir light from the siin, but the ap« 
pearance of two very brilliant cometSj 
pf late, seems to have overturned that 
theory. One of these was visible, for 
several weeks, in 1807, and the other 
from September to the end of the year 
18H. Of the former, Dr, Hjer^d 
has given an elaborate account in the 
98th vol. of the Philosophical Trans- 
fictions. Previously to the appearance 
of these, it was generally supposed 
that the light of comets, like that of 
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the moon and planets, was reflected 
light only. A new theory is now 
adopted by Dr. Herschel, and other 
eminent astronomers, who have had 
capital opportunities, in both the in- 
stances referred to, for accurate ob- 
servations. Dr. Herschel says, with 
respect to the comet in 1807, "we 
are authorized to conclude, that the 
body of the comet, on its surface, is 
self4uminous, from whatever cause 
this quality may be derived. The 
vivacity of the light of the comet, 
also, had a much greater resemblance 
to the radiance of the stars, than to 
the mild reflection of the sun's beams 
from the moon.*' 

The same inference has been drawn 
from the observations made on the 
comet of 1811, which distinctly exhi- 
bited, to very powerful telescopes, the 
several parts of which the comet 19 
composed. 
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Charles. What aie those parts ? 

Tutor. Th^y are the nucleus, the 
&etf i4 the comaf and the toi^ 

The nucleus is a very small, bril- 
liant, and diamond-like substance ia 
the centre, so small as^ to be incapable 
of being measured. 

. The head includes all the very 
bright surrounding light ; inferior 
telescopes, that will not render the 
pucleus visible, are often able to ex<« 
hibit the head thus described* The 
head of the comet of 1807 was ascer* 
tained to be 538 miles in diameter : 
that of 1811 to be about the size of 
the moon. 

The coma is the hairy or nebulous 
appearance surrounding the head. 

The tail, which, in some comets, 
extends through an immense space^ it 
is thought may be more satisfactorily 
accounted for, by supposing it to con- 
sist of radiant matter, such as the 
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knatter of the aurora borealis, than 
when we unnecessarily ascribe the 
light to a reflection of the sun's illu- 
minations thrown up6n vapours sup- 
posed to arise from the body of the 
comet. The tail of the comet, in 1807, 
was ascertained to be more than nine 
millions of miles in length ; and that 
in 1811 was full 33 millions in lengths 

James. Was this comet at a great 
distance from the earth ? 

Tutor. On the 15th of September, 
its distance from the sun was more 
than 95 millions of miles; and it$ 
distance from the earth, at the same 
time, was upwards of 142 millions of 
miles. 

After all the exertions of astrono- 
mers of all countries, there is no class 
of celestial objects whose theory is so 
little advanced as that of comets ; we 
wiily tber^nre^ dwell ne longer upon 
it. 
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CONVERSATION XXV. 



Of the Sun. 

Tutor. Having given you a par- 
ticular description of the planets which 
revolve about the sun, and also of the 
satellites which travel round the pri- 
mary planets as central bodies, white 
they are carried at the same time with 
these bodies round the sun, we shall 
conclude our account of the solar sys- 
tem by taking some notice of the sun 
himself : 

Informer of the plaoetary traift> 

Without whose quick'ning glance tfaeircumbronft 

orbs 
Were brute unlovely mass, inert and' dead. 
And not, as now, the green abodes of life. 

XaosifroM's AvT%iw»f line 108<5v 
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J^mes. You told us a few days 
ago, that the sun has a rotation on its 
axis ; how is that known ? 

Tutor • By the spots on his surface 
it is known that he completes a revo- 
lution from west to east on his axis in 
about 25 dajs^ two days less than his 
apparent revolution, in consequence 
of the earth's motion in her orbit, in 
the same direction. 

Charles. Is the figure of the sun 
globular ? 

Tutor* No ; the motion about its 
axis renders it spheroidical, having 
its diameter at the equator longer 
than that which passes through the 
poles. 

The sun's diameter is more than 
equal to 100 diameters of the earth, 
and therefore his bulk must be more 
than a million of times greater, than 
that of the earth ; but the density of 

VOL. IL Y 
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the matter of which it is composed 
is four times less than the density 
of our globe. 

We have already seen ihat^ by the 
attraction of the sun^ ' the jdanets are 
retained in their orbits, and that to 
him thfey are indebted for lights heat, 
and motion :-^ 

Fairest of Beings ! first created light : 

Prime cause of beauty 1 for from thee alone 

The sparkling' gem, the vegetable race, 

The nobler worlds that live and breathe their 

charm S| 
The lovely hues peculiar to each tribe, 
From thy unfailing source of splendour draw ! 
In thy pare shine, with transport I survey 
This firnuuneht, and these her rolling worlds. 
Their magnitudes and motions.—* 

MaLLEx's £XCVB8I0N. 

We can hardly suppose, however^ 
that the sun, a body three hundred 
times larger than aU' the planets to- 
S^tl^er^ was created only to preserve 
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the periodic motions, and g^re light 
and heat to the planets. Many as- 
tronomers have conjectured that its 
atmosphere onjy is Jiiminous, while 
its body is opaque and probably of a 
constitution analogous to that of the 
planets. Allowing, therefore, that its 
luminous atmosphere only extricates 
heat, we see no reason why the svm 
itself should not be inhabited. 
. Jamc^. For my p^rt» sir, I am 
at once inclined to believe this; be- 
cause it accords completely with all 
one's preconceived sentiments of the 
^i^isdom and goodness of the Great 
Creator of the universe. 



Y2 
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CONVERSATION XXVI. 



Of the Fised Stars. 

Tutor. We will now put an end 
to our astronomical Conversations, by 
referring again to the fixed stars, 
which^ like our sun^ shine by their 
own light, or that of their phospho- 
rescent atmospheres. 

Charles. Is it then certain that 
the fixed stars are of themselves 
luminous bodies ; and that the planets 
borrow their light from the sun ? 

Tutor. By the help of telescopes 
it is known that Mercury, Venus, 
and Mars, shine by a borrowed light, 
for, like the moon, they are observed 
to have different phases according as 
they are differently situated with re- 
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g9r4 to the suo* The immense dis* 
tances of Jupiter^ Saturn, and the 
Herschel planet, do not allow the 
4ifference between the perfect and 
imperfect illumination of their disks 
or phases to be perceptible, 
, Now the distance of the fixed stars 
frpm the earth is so great, that reflected 
light wopld be much too weak ever tq 
l^eaeh the eye of ^n observer here. 

Janm. Is this distance ascertained 
with any degree of precision ? 
. Tutor. It is not : but it is known 
|vith certainty to be so great, that the 
jvhqle dianaeter of the earth's prhit, 
*oiz. 190 millions of miles, is but a 
pflmtiQCO«)parisonofU;andhe»CQ 
it, is inferred* that the distance of thq 
nearest fixed star cannot be less thaq 
a hundred thousand times the length 
of the earth's orbit ; that js, a hun« 
dr^ thousand t^m^ 190 ipillions pf 

y 3 
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miles, or 1 9,000,000»000,000 miles 
this distance being immensely greats 
the best method of forming some clear, 
conception of it is to compare it with 
the velocity of some moving bodj^ 
by which it may be measured. The 
swiftest motion with which we are 
acquainted is that of light ; which, as 
we have seen, is at the rate of 12 
millions of miles in a minute ; and yet 
light would be about 8 years in paissng 
from the nearest fixed star to the earth. 
A cannon-ball, which may lie made 
to move at the rate of 20 miles in a 
minute, would be 1800 thousand 
years in traversing the distance. 
Sound, the velocity of which is IS 
miles in a minute^ would be more 
than 2 millions 7 hundred thousand 
years in passing from the star to the 
earth. So that, if it were possible 
for thp inhabitants of the earth to see 



OF THE FIXED STARS. 247 

the lights to hear the sounds and to 
receive the ball of a cannon dischar- 
ged at the nearest fixed star, they 
would not perceive the light of its 
explosion for 3 years after it had been 
fired, nor receive the ball till 1800 
tliousand years had elapsed, nor hear 
the report for 2 millions and 700 
thousand years after the explosion. 

Charles. Are the fixed stars at 
difierent distances from the earth ? 

Tutor. Their magnitudes, as you 
know, appear to be different from 
one another, which difference may 
Itrise either from a diversity in their 
real magnitudes, or in their distances, 
or from both these causes acting con- 
jointly. It is the opinion of Dr. 
Herschel, that the different apparent 
magnitudes of the stars arise from 
the different distances at which they 
are situated, and therefore he con- 
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eludes, that stars of th^ sevfuth 
magnitude are at seven times thi^^ 
distance from us that those of tl»e 
first magnitude are. 

By the assistance of h^^ te]ec^Q[|(^ 
he was able to discover stars at 497* 
times the distance of Sirius the Dog- 
ear : from which he inferred, that miJ^ 
more powerful instruments we shoul4 
be able to discover stars at still great* 
er distances. 

James, I recollept that you tdd 
us once, that i( had been suppo;^ 
by sopie astronomers, that there 
might be (i^f (} a^rs at so gr§4t^ a dis-* 
tance from us, that the rays of their 
light had not yet reached the earth, 
though they had been travelling at 
the rate of 13 millions of miles in a 
p[iinute, from the first creation to the 
present time. 
. Tutor. I did ; it was one of thQ 
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sublime speculations of the cele- 
brated Huygens. Dr. Halley has 
also advanced what, he says, seems 
to be a metaphysical paradox, viz. 
that the number of fix^d stars must 
be more than finite, and some of 
them at a greater than a finite dis- 
tance from others: and Mr. Addison 
has observed, that this thought is 
far from being extravagant, when 
we consider, that the univen^e is the 
work of infinite power, promoted by 
infinite goodness, and having an infi- 
nite space to exert itself in : so thait our 
imagination can set no bounds to it. 

• 

How distant some of the nocturnal suns ! 
So distant, says the sage, 'twere not absurd 
To doubt if beams, set out at nature*s birth. 
Are yet arriv'd at this so foreign world. 
Though nothing half so rapid as their flight. 

Young. , 

Charles. What can be the use of 



these 4xed ajbars? — ^not to evXig^tm 
the earth ; for a single additional mooa 
.would give us much more light th^n 
them all, especially if it were so con* 
tiived as to afford ps its as^istapce at 
those intervals when our present mooii 
U below the horizon. 

Tutor*. You are right ; they could 
not have been created for our use; 
since thousands, and even milliQDt 
lure never seen but by the assistance 
of glasses, to which but few of our 
race have access. Your minds indeed 
ere too enlightened to imaginCf like 
children unaccustoiued to reflection» 
that all things were created for the 
enjoyment of man, . The earth on 
which we live is but one of eleven 
primary planets circulating perpetu- 
ally round the sun as a centre, and 
with these are connected eighteen 
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secoildary planets or moons, all of 
t^hich are probably teeming witK 
living beings, capable, though in dif- 
ferent ways, of enjoying the bounties 
of the great First Cause. 

The fixed stars then are probably 
suns, Which, like our sun, serve to 
enlighten, warm, and sustain other 
systems of planets and their depend* 
ent satellites : and each, like our sun, 
may be the residence of animals ra- 
tional and irrational. 

James. Would our sun i^pearas 
a fixed star At any great distance? 

Tutor. It certainly would: and 
Dr. Herschel thinks there is no doubt, 
but that it is one of the heavenly bo« 
dies belonging to that tract of the 
heavens known by the name of the 
MUky Way. 

Charles. I know the milky way 
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in the heavens^ but I little thought 
that I had any concern with it other- 
wise than as an observer. 

Tutor. The milky way consists of 
fixed stars, too small to be discerned 
wath the naked eye ; and if our sun 
be one of them, the earth and other 
planets are closely connected with 
this part of the heavens. 

But, Gentlemen, it is tioie that we 
take our leave of this sulyect for the 
present. For your attention to those 
instructions which, on this and other 
topics, I have been able to commu- 
nicate, accept my best thanks. For 
your future welfare and happiness, 
my heart is deeply interested. You 
will not, I flatter myself, very soon 
forget that connection which has sub- 
sisted between us for a long course of 
years. From my mind the remem- 
brance of your kindness can never 
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be obliterated. Permit me, then, as 
a testimony of my gratitude and sin- 
cere afTection, to reoommend to your 
future attention the works of nature 
and creation^ by a careful investiga- 
tion of which you wiU I trust be led 
to the contemplation and love of the 
God of Nature. 

Your knowledge, young as you 
yet are, of the fundamental principles 
of Geometry and Algebra, is such as 
to render scientific pursuits easy and 
pleasant. And your understarfflings 
are not more capable of entering into- 
the sublime speculations of sciences 
than your* hearts are adapted to re- 
ceive and ^herish* those impressions 
of gratitudJj-^hich are the natural 
consequences of enlarged and com- 
prehensive views of the being and 
perfections of the Deity. In all 
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jour studies and pursuits, theii, ne 
ver Sxgot that 

Where UtfiviESAL Love not smilei arouadf 
SoatUDing all jon orbs, and ail their sqns ; 
Itrom seeming evil Btill deducing good, 
J^ better thence agun and better still, 
In inhiute pn^ressioo. Thohsoh. 
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